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Abstract 
Current archaeological, biological and linguistic evidence points to a lower 
Central American origin for Chibchan speaking populations who are thought to have 
continuously occupied the region for the last 10,000 years. However, the biological 
relationship of these groups to Chibchan speakers from Northern South America remains 
largely unresolved. This thesis examines mitochondrial DNA (mtDNA) haplogroup and 
haplotype diversity in three Sierra Nevada de Santa Marta Chibchan (Kogi, Arsario, Ijka) 
speaking populations and one neighboring Arawakan (Wayuú) group from Northeast 
Colombia in order to determine: (1) the nature of the biological relationship between the 
four study populations, (2) whether or not a relationship between Central and Northern 
South American Chibchan groups exists, (3) a potential timeframe for a Chibchan 
diaspora, (4) test hypothetical models regarding the initial peopling of the Santa Marta 
region and, (5) the role of Chibchan populations in the peopling of the Americas. 
Amerindian mtDNA haplogroups were characterized for 190 individuals using 
RFLP analysis and 61 HVS-I sequences were obtained. Three (A, B, and C) of the five 
founding Amerindian mtDNA haplogroups (A, B, C, D, and X) were found in these 
populations. The Kogi and Arsario exhibited only haplogroups A and C (Kogi 65% A, 
35% C, Arsario 68% A, 32% C). The Ijka primarily exhibited haplogroup A (90%) with a 
single B (2.5%) and two C (7.5%) individuals. The Wayuú contained haplogroups A 
(34%), B (24%), C (32%), and undetermined (10%). Haplogroup D was not found in any 
of the groups examined. R-matrix analysis demonstrates that the three Santa Marta 
Chibchan populations are related to each other but not to the neighboring Wayuú. 
Analysis of these three South America Chibchan populations at the sequence level shows 
that they share low mtDNA haplotype diversity, low negative or positive values for Fu's 
Fs and Tajima's D and a peak between zero and one unit of mutational time with 
linguistically related populations from lower Central America and not with other 
indigenous South American groups. Phylogenetic reconstruction of these populations 
using median-joining networks indicates that all sampled Chibchan speaking populations 
had undergone a bottleneck and were highly influenced by a founder effect within the last 
10,000 years. Using the p-statistic of Saillard et al (2000) on two clusters of Santa Marta 
Chibchan haplotypes gives mtDNA coalescence dates of 8,072 (±4943) and 6,985 
(±3557) both of which are consistent with other temporal estimates of Chibchan genetic 
history. This time depth points to a long term occupation of Chibchan populations within 
Northern South America suggesting an in situ development for the Santa Marta groups. 
This study concludes that while there are biological similarities between the 
Chibchan speakers from the Sierra Nevada de Santa Marta and the Panamanian isthmus 
they diverged in the distant past. If a Chibchan diaspora did occur it may have been 
geographically widespread and would have occurred early during the peopling of the 
Americas. This diaspora may have blocked gene flow from the north and south possibly 
leaving genetic drift as the primary evolutionary force on the South American continent. 
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Chapter I : Introduction 
In 1599, Don Juan Guiral Velón, Spanish governor of the South American 
colonies of Santa Marta and Riohacha, raised an army of settlers to quell another 
rebellion by the indigenous inhabitants of the nearby Santa Marta mountain range. 
After a year of fierce fighting the Spanish prevailed and ruthlessly punished the 
indigenous inhabitants, killing their leaders, burning their villages and destroying one 
of the great pre-Columbian cultures of South America, the Tairona (Uribe 2000). 
However, a few native survivors fled to the interior of the Santa Martas where their 
descendents branched into the three indigenous communities found there today; the 
Kogi, Ijka, and Arsario. These three groups all speak languages within the Chibchan 
linguistic stock that extends from Honduras into northern South America. Populations 
belonging to this linguistic family are thought to have played important roles in 
peopling the Americas due to their geographic location bridging the two American 
continents. 
The extant indigenous populations of the Americas exhibit a remarkable result 
of human evolution. They represent the descendents of populations who entered a 
vast unoccupied land mass and remained relatively isolated for a significant period of 
time. There is general consensus that ancestral Native American populations 
originated in Asia but there is disagreement among scholars regarding the number and 
timing of the earliest human entry into the Americas (Salzano 2002, Crawford 1998). 
The timing of these events range from an "early" entry approximately 30,000 years 
before present (YBP) to a "late" entry less than 13,000 YBP (Lavalleé 2000). One 
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group of Native American populations that has been used to develop an evolutionary 
clock for this peopling event are Chibchan-speakers from lower Central and northern 
South America. Current archaeological (Hoopes & Fonseca 2003), linguistic 
(Constenla 1981, 1991) and genetic (Barrantes et al 1990, Kolman & Bermingham 
1997, Torroni et al 1994) evidence points to a Central American origin of Chibchan-
speakers and suggests that these groups separated from other Native American 
populations 8,000-10,000 YBP. However, the biological relationship of these Central 
American groups to the Chibchan-speakers of South America has gone 
uninvestigated. 
Over the last decade, research into mitochondrial DNA (mtDNA) variation 
within Native American populations has revealed that these indigenous groups are 
characterized by a series of specific mutations that cluster into five haplogroups 
termed A, B, C, D, and X (Schurr & Sherry 2004, Torroni et al 1993b, Schurr et al 
1990). These findings and the knowledge that each of the five haplogroups are found 
in low frequencies in northeast Asian and Siberian populations, indicates a shared 
maternal ancestry between the Asian and American continents. This shared maternal 
ancestry permits quantification of mtDNA variation accumulated within each 
haplogroup from the time of the first human arrival in the Americas assuming that 
each of the five haplogroups was founded by a single haplotype present in Asia 
during the Pleistocene. The resulting quantification can then be used to develop a 
molecular clock based on the mtDNA mutation rate (Torroni et al 1993a, 1993b, 
1994). 
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This thesis investigates mitochondrial DNA (mtDNA) inter- and intra- group 
diversity in the three Chibchan populations from the Santa Marta region (Kogi, Ijka, 
Arsario) and one neighboring Arawak (Wayuú) speaking group from the Guajiro 
peninsula in northeast Colombia in order to determine; (1) the relationship of the 
three Santa Marta Chibchan populations to each other and to the Wayuú; (2) the 
relationship of the Santa Marta Chibchan populations to Central American Chibchan 
and South American populations; (3) a potential time frame for Chibchan genetic 
history; (4) and test hypothetical models for the peopling of the Santa Marta region 
using archaeological, linguistic, and biological data; and (5) the role of Chibchan-
speaking populations in peopling the Americas. 
The chapters that follow present a literature review, materials, methods, 
results, and a discussion pertinent to the research presented in this thesis. Chapter two 
summarizes the known mtDNA research on Native American populations, provides 
archaeological, ethnographic, and linguistic information on the Santa Marta groups 
and Wayuú, and reviews classic and molecular genetic data regarding South and 
Central American Chibchan-speakers. Chapter three presents the laboratory and 
analytical procedures used during this research. The results are presented in chapter 
four and discussed in chapter five. Finally, chapter six concludes through a brief 
review of findings presented in this thesis and offers suggestions for future research. 
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Chapter II: Literature Review 
Mitochondrial DNA Review 
In recent years, advances in molecular biology have led to a number of useful 
genomic markers for investigating human genetic population structure and history. 
One of the most informative and widely used of these new markers has been 
mitochondrial DNA (mtDNA). This is due to its elevated mutation rate, maternal 
transmission, and lack of recombination. This locus is located within the energy 
producing mitochondria in the cytoplasm of the cell. The human mtDNA genome is 
circular and has approximately 16,569 base pairs (bp). The mitochondrial genome 
(Figure 1) is divided into two regions: a coding region of approximately 15,000 bp 
which codes for 37 tightly packed genes (22 transfer RNAs, 13 proteins, and two 
other RNAs), and a control region of approximately 1,000 bp that is subdivided into 
two hypervariable segments (HVS-I and HVS-II, ~ 400 bp each). The mutation rate 
of mtDNA is high and occurs at five to ten times the rate of nuclear DNA, with the 
mtDNA control region mutation rate ten times higher than the rate of the mtDNA 
coding region (Francalacci et al 1999). This mtDNA coding region mutation rate is 
estimated as 3.2% per million years (Francalacci et al 1999) and the rate increases to 
approximately 8.4% per million years in the mtDNA control region (Vigilant et al 
1989). This mtDNA control region variability is not evenly distributed, with twice the 
number of polymorphic sites being present in HVS-I than in HVS-II. MtDNA is 
maternally inherited, meaning that it is passed from the mother to all of her offspring. 
However, only the daughters pass it onto their offspring (Giles et al 1980). This 
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suggests that mtDNA does not undergo recombination and is passed unaltered 
generation to generation. Therefore, any observed variations in mtDNA can be 
attributed to mutation and the timing of the mutational event can be estimated using 
the mtDNA mutation rate. 
The earliest studies of population history in mtDNA variation used restriction 
fragment length polymorphism (RFLP) analysis and focused on the entire mtDNA 
genome (Cann et al 1987, Schurr et al 1990, Torroni et al 1990). This early RFLP 
research focused on the conservative coding region and suggested that some neutral 
mutations occurred only once in evolutionary history, which allowed for the grouping 
of different lineages in clusters, called haplogroups, defined by their restriction sites. 
Two different nomenclatures were originally proposed: Roman numerals being used 
by Horai et al (1993) and the English alphabet being used by Torroni et al (1992). 
The alphabetic nomenclature gained wider acceptance and is currently used by 
researchers. The high resolution RFLP involves copying the entire mitochondrial 
genome in nine overlapping segments using the polymerase chain reaction (PGR) 
method. These nine segments are digested with 14 restriction enzymes that cleave 
mtDNA at diagnostic restriction sites. Figure 1 shows the position of these sites in the 
mtDNA, the corresponding restriction enzyme and their associated English alphabet 
haplogroup. Several of these haplogroups were found to be continent specific and 
could be used to trace the migration patterns of human populations (Francalacci et al 
1999). Figure 2 shows the geographic location of these haplogroups and hypothetical 
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migration patterns that may have occurred during human evolutionary history 
(Wallace & Lett 2004). 
Subsequent human mtDNA research focused on the high variability within the 
control region and used direct DNA sequencing of HVS-I, which allowed for a deeper 
analysis of population differentiation at the microevolutionary level (Vigilant et al 
1989, Vigilant 1990). There is certain risk, however, in just focusing on the control 
region of the mtDNA genome. The high mutation rate found in the human mtDNA 
control region increases the potential for homoplasy occurring at the same nucleotide 
site. This may result in reduced genetic variability between known evolutionarily 
divergent populations, complicating phylogenetic analysis. There are two plausible 
explanations for this reduced genetic variation in human populations, it: (1) represents 
an ancient mutational event derived from a most recent common ancestor (MRCA) 
and is present in all individuals within a population, (2) is a site with an extremely 
high mutation rate occurring in different mtDNA lineages reducing value for 
establishing phylogenetic relationships. Analyses that do not account for this and give 
all mtDNA control and coding region mutations the same weight provide poor 
resolution in the study of microevolutionary history at the population level 
(Francalacci et al 1999). 
Current mtDNA research has combined mtDNA control region sequencing 
and coding region RFLP analysis because both regions are inherited as a unit (Torroni 
et al 1996, Graven et al 1995, Torroni et al 1993 a, b). This combined mtDNA 
region approach has further elucidated the evolution of mtDNA because sequencing 
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information is kept intact. However, it is arranged according to its phylogenetic 
relationship value through association with monophyletic restriction enzyme cut sites 
(Francalacci et al 1999). This has shown that some HVS-I site-specific sequence 
mutations always coincide with certain restriction sites from the coding region. This 
mtDNA control-coding region relationship allows for a balance between the two 
regions and allows researchers to check their results. 
Amerindian mtDNA haplogroups 
There are currently five major founding mtDNA haplogroups (A, B, C, D 5 & 
X) for Native Americans, characterized by RFLPs and a 9-base pair deletion located 
in the cytochrome c oxidase subunit II (CO II) gene of the mitochondrial genome 
(figure 1). Table 1 shows the relationship between coding region RFLPs and control 
region HVS-I sequences that define the five Native American haplogroups. An 
example of this relationship is that individuals belonging to haplogroup A are defined 
through the presence of a Hae III cut site at mtDNA nucleotide (nt) 663 in the coding 
region and control region transitional mutations at nucleotides 16223(T), 16290(T), 
16319(A), and 13362(C). Combined, these five haplogroups account for 95-100% of 
all mtDNAs from autochthonous populations present in the Americas (Schurr & 
Sherry 2004). All five Native American haplogroups have been detected in pre-
Columbian skeletal materials found in North America (O'Rourke et al 2000, Stone & 
Stoneking 1998, Fox 1996). However, haplogroup X has never been detected in any 
ancient or living South American population (Salzano 2002). These five haplogroups 
have also been found in low frequencies in Central and Northeast Asia, indicating that 
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they were the founding mtDNA lineages in Native American populations (Schurr & 
Sherry 2004, Schurr et al 1990). Some researchers have suggested that these five 
haplogroups do not represent all of the initial haplogroups present in pre-Columbian 
America. These researchers propose that other founding haplogroups may have been 
lost due to the severe depopulation that occurred after contact or through genetic drift 
(Rickards et al 1999, Easton et al 1996, Lorenz & Smith 1996, Bailliet et al 1994). 
Subsequent research conducted on these populations has documented that most of 
these unknown haplotypes were derivatives of haplogroups A-D, belonged to 
haplogroup X, were the result of non-native admixture, or not sufficiently analyzed to 
determine their haplogroup status (Schurr & Sherry 2004). 
1 1 1 1 1 1 1 1 
Native Geographic 6 6 6 6 6 6 6 6 Coding region 
American Distribution 1 2 2 2 2 3 3 3 RFLP sites 
Haplogroup 8 2 7 9 9 1 2 6 
9 3 8 0 8 9 7 2 
CRS* T C C C T G C T 
A Asia-America T T A C + 663 HaelE 
B Asia-America C 8271-8281 9 bp 
del, 
C Asia-America T C T -13259/+13262 
HincWAM 
D Asia-America T C -5176 AM 
X Asia, Europe, T T -\l\5Dde\ 
America 
Table 1: Correlation between coding region restriction sites and control region variants in 
human mtDNA * Cambridge Reference Sequence (Anderson et al 1981) 
Haplogroups A, B, C, and D are found throughout North, Central and South 
American indigenous populations in differing frequencies. Haplogroup A occurs at 
higher frequencies in North America, and is frequent in Artie and Subartic 
populations but is also common among Chibchan-speaking populations from lower 
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Central America (Rubicz et al 2003, Lorenze & Smith 1996, Merriwether et al 1995, 
Torroni et al 1994, Schurr et al 1990). Haplogroup B, almost absent among Artie 
populations, is found in moderate frequencies in the Southwest Uni ted States, is high 
among Central American populations and in the Andes (Merriwether et al 1995, Fox 
1996). Haplogroups C and D are generally rare in North America but are found in 
high frequencies among South American populations from the Amazon basin and the 
southern cone of the continent (Schurr & Sherry 2004, Merriwether et al 1995, Fox 
1996, Ginther et al 1993). Haplogroup X has only been found in North American 
populations (Schurr & Sherry 2004) but has not been detected in any South American 
populations (Salzano 2002). 
There does not appear to be a distinct clinal distribution within North America 
based on mtDNA haplogroup data but there does appear to be o n e in South America 
involving haplogroups A and D. Haplogroup A occurs at high frequencies (>50%) in 
the northern parts of the continent and is completely absent from the southern cone. 
Haplogroup D mirrors the A, with high frequencies in the southern cone, and almost a 
complete absence from the northern parts of South America (Keyeux et al 2002, Fox 
1996). Haplogroup A occurs at high frequencies in lower Central America and 
northern South America but is completely absent from groups in the southern areas of 
the continent (Moraga et al 2000, Kolman et al 1995). Haplogroup B is detected in 
high frequencies among Andean populations and some populations from the Brazilian 
highlands but is absent from groups in the southern cone (Moraga et al 2000, Ward et 
al 1996). Haplogroup C is absent in populations from Central Amer ica but is located 
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in groups throughout South America and reaches its highest frequency among the 
Yanamamo (68%) from the Amazon basin (Kolman & Bermingham 1997, Easton et 
al 1996). Haplogroup D is observed at moderate frequencies among one Central 
American population, the Huetar (26%), and is at high frequencies among groups 
from the southern cone of the continent (Santos et al 1994, Fox 1996). All four 
haplogroups may appear in different populations. Several populations lack one or 
more of the haplogroups reflecting the extent to which evolutionary forces such as 
genetic drift may have played in forming the mtDNA distribution in modern Native 
American indigenous populations (Schurr & Sherry 2004). 
Antiquity of mtDNA haplogroups in the Americas 
There is general consensus that ancestral Native American populations 
originated in Asia and migrated to the New World over the Bering Land Bridge. 
However, the Asian starting place or places, the timing, and number of migrations 
remain a matter of discussion. MtDNA provides researchers with a tool to document 
the possible timing of this event through mtDNA coalescence dates and comparing 
human populations to determine when they diverged. The early mtDNA coding 
region RFLP dates gave a range between 35,000-20,000 years before present (YBP) 
for haplogroups A, C, and D, and a date of between 17,000-13,000 YBP for 
haplogroups B and X (Figure 2). These RFLP results suggested two migrations into 
the Americas, each bringing different founding haplogroups from Asia (Schurr & 
Sherry 2004). However, data from the mtDNA control HVS-I region indicated that all 
five haplogroups arrived in the New World at roughly the same time between, 35,000-
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20,000 YBP, and indicated a single migratory wave into the Americas (Stone & 
Stoneking 1998, Bonatto & Salzano 1997). More recent research using data from both 
the mtDNA coding and control region have suggested that the New World was 
colonized through at least two migrations. The first migration arrived between 
30,000-25,000 YBP and contained ancestral Native American populations found 
throughout North and South America, while a second migration arrived 
approximately 14,000-12,000 YBP and contained Beringian populations (Aleuts, 
Eskimos, and Athapaskans). This latter migration is distinguished by the presence of 
several distinct mtDNA Native American haplotypes found in Beringian groups but 
not in other Amerindian populations (Rubicz et al 2003). All of these molecular dates 
point to an earlier entry into the New World than associated with the Clovis culture, 
once considered the best archaeological evidence for the earliest inhabitants of the 
Americas (Schurr & Sherry 2004). 
Chibchan Language Family 
In addition to the peopling of the Americas, another inquiry that has intrigued 
anthropologists is the strong parallelism between linguistic and genetic evolution. 
These correlations between genes and languages have long been used to imply 
biological relationships between populations. There are two potential explanations for 
this association: (1) those processes leading to linguistic differentiation also brought 
about genetic differentiation; or (2) linguistic differences between populations act as a 
reproductive barrier causing geographically close populations to be genetically 
distinct (Barbujani & Sokal 1990). These linguistic-genetic associations have been 
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demonstrated for several geographic areas of the world including, Africa (Excoffier et 
al 1991), the Arctic (Crawford & Duggirala 1992), Europe (Menozzi et al 1978), 
North America (Suarez et al 1985), and Siberia (Crawford et al 1997). 
However, research into this relationship in South America has often led to 
discordant results. This has led some researchers to advocate genetic drift as the 
primary evolutionary force determining population structure on the continent 
(O'Rourke & Suarez 1986, Black 1991, OfRourke et al 1992). They argue that the 
majority of environments in South America are highly marginal to human subsistence 
patterns, which has led to small population size and greater genetic differentiation 
between groups. Recently, other researchers have argued that a genetic-linguistic 
relationship does exist over short distances but occurs rarely over further distances 
(Luiselli et al 2000, Goichoechea et al 2001, Fagundes et al 2002). One Latin 
American language family that exhibits this latter associative pattern of a linguistic-
genetic relationship is Chibchan (Barrantes et al 1990). Populations belonging to the 
Chibchan language family are informative because they bridge the two American 
continents. Archaeological evidence indicates that these groups have inhabited the 
region for the last 10,000 years and therefore understanding their genetic history has 
important implications for understanding the initial colonization of the Americas by 
humans. 
Populations of the Chibchan language family are distributed from eastern 
Honduras to the eastern shores of Lake Maricaibo in Venezuela (Hoopes & Fonseca 
2003). This family contains fourteen extant and six extinct languages in Honduras, 
14 
Ph Ph 
N
gó
bé
 
M
ov
e 
r i 
Te
rib
e 
B
or
uc
a 
3 
as 
5*2 
(WD 
«3 a 
o 
a 
o 
4) 
ee 
0 O u 
WO 
S3 
03 
u 
0» WD 03 
3d 
O 
O 
E 
03 
«5 
s 
15 
Nicaragua, Costa Rica, Panama, Colombia, and Venezuela. Figure 3 illustrates the 
hierarchical structure of the Chibchan language family and shows subgroups, extinct 
and extant languages. The Chibchan family is divided into four subfamilies and 
includes: (1) Pech (Paya), spoken in eastern Honduras; (2) Votic, spoken in Nicaragua 
and northern Costa Rica, containing two extant and two extinct languages; (3) 
Isthmic, spoken in Costa Rica and Panama, including three subgroups, eight extant 
and two extinct languages; and (4) Magdalenic, spoken in northern SouthAmerica, 
comprising two subgroups, five extant and two extinct languages. This language 
stock is thought to have diverged from related languages in the region approximately 
7000 YBP and is thought to have occurred in either Costa Rica or Panama as these 
regions have higher linguistic diversity then those Chibchan areas from the north or 
the south (Constenla 1991). The fragmentation of these Chibchan subdivisions is 
thought to have begun around 5,000 YBP with divisions clearly evident by 4,000 
YBP This division is thought to have occurred due to a shift to agriculture and an 
adaptation to a sedentary lifestyle that coincided with this time period (Constenla 
1991). 
Population Background 
The majority of archaeological work conducted in lower Central and northern 
South America has focused on the formation of Chibchan cultures from the 
Panamanian isthmus and until recently has been less focused on the relationship 
between populations from lower Central America to those from Northern South 
America (QuiIter & Hoopes 2003, Lange & Stone 1984). Recently, several lines of 
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evidence have suggested that Chibchan populations initially arose in the lower 
isthmus of Central America and subsequently migrated out into adjoining regions 
forming a large, culturally homogenous region that stretched from eastern Honduras 
into northern South America and blocked migrations from either the north or the 
south (Hoopes & Fonseca 2003, Kolman & Bermingham 1997, Constenla 1991, 
Barrantes et al 1990). While linguistic (Constenla 1991) and archaeological (Hoopes 
2005a, 2005b, Bray 2003, Hoopes & Fonseca 2003) evidence points to a clear 
relationship between lower Central America and northern South America the 
biological relationship between the two regions has yet to be investigated. One 
Chibchan region in northern South America containing a wealth of comparative 
archaeological, biological, linguistic, ethnographic, and ethnohistoric information is 
the Santa Marta mountain range in northeast Colombia. The extant indigenous 
populations (Kogi, Arsario, Ijka) of the Santa Martas may represent the remnants of 
the ancient Tairona, one of the largest Chibchan populations present at European 
contact (Bray 2003, Langeback 2003, Wilson 1999). While all three of these 
populations demonstrate a well developed archaeological and linguistic relationship 
with populations from lower Central America (Hoopes & Fonseca 2003, Constenla 
1981, 1991) no research has been conducted into their biological relationship with 
Chibchan populations from the Panamanian isthmus. 
Sierra Nevada de Santa Marta ecology 
The Sierra Nevada de Santa Marta is an isolated geologic massif that rises to 
5,780 meters in a little over 35 kilometers and occurs within the Caribbean littoral 
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ecological environment of South America. This ecological zone includes isolated 
mountain ranges of the Andes and runs along the Caribbean coast from the Orinoco 
river delta in Venezuela to the Isthmus of Panama. The Santa Marta range is 
pyramidal in shape with a gradually sloped southeastern side, a steep narrow northern 
side that drops abruptly to Caribbean Sea, and a western side that drops less abruptly 
into a large swamp; the Ciénaga Grande of Santa Marta. Several rivers originate from 
lakes high in the range and run down all three sides (Wilson 1999). Reichel-
Dolmatoff (1951) separated the northern portion of the range in five climatic zones. 
These included the: (1) tropical zone, including the coastal plain and lower slopes 
from sea level to -1,300 meters; (2) subtropical zone, occurring from -1,300 meters 
to -2,500 meter; (3) temperate zone, from -2,500 meters to 3,500 meters; (4) 
páramo, from 3,500 meters to 4,500 meters; and (5) snowline, occurring above 4,500 
meters. In the coastal regions the average temperature is 24°C and rainfall is from 
1,000 to 2,100 millimeters per year, in the subtropical region the temperature is 17°C 
and annual rainfall is between 2,000 and 4,000 millimeters a years. The average 
rainfall for the temperate zone is the same as the subtropical but the average 
temperature is lower, between 11°C and 15°C. The average temperature in the páramo 
is between 3°C and 11°C, so no vegetation beyond short grasses survives in the area. 
The native vertebrate fauna of the region is varied but not abundant and includes 
jaguar, puma, tigrillo, tapir, paca, peccary, capybara, armadillo, howler monkey, 
toucan, heron, pelican, marine turtles, and fish (Wilson 1999). 
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Archaeology of the Sierra Nevada de Santa Marta 
The archeological record of the Santa Marta region indicates that it has been 
continuously occupied by humans from 3,000 BP to the present. Indications of earlier 
inhabitants come from two isolated projectile points corresponding to the hunter-
gather period (-8,000 BP) (Langeback 2003). However, there are no definitive 
stratified sites that can verify this date, but archaeological evidence for the 10,000-
7,000 YBP era is rare throughout the Americas. Other evidence for a human presence 
in the area comes from shell middens along the western peripheries of the range and 
along rivers and the Caribbean coast. These sites have radio-carbon dates between 
-5,000 YBP and -3,000 YBP (Oyuela-Caycedo 1996). Several archaeological 
sequences have been proposed over the last fifty years for the region and the one 
presented here is largely an amalgamation of those proposed by archaeologists for the 
area. The Malambo period represents the first evidence for sedentism in the Santa 
Marta region. This sedentism indicates stable subsistence patterns and suggests 
continuous occupation of the region by humans. The earliest evidence for this period 
comes from a site adjacent to the swamp on the western side of the range near Papare. 
Ceramics found at this site are identical to those found at the Malambo site (Ángulo 
1962) and date to between 3,000 and 2,000 YBP (Langeback 2003). Populations 
during this time period used a wide variety of resources from diverse environments 
and are characterized by having larger amounts of ceramics relative to lithic material. 
This time period is also thought to be the start of the manioc-to-maize transition. 
However, this inference is based on artifact function and no macro-or microbotanical 
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remains or biochemical analysis of human skeletons has been conducted (Oyuela-
Caycedo 1996). 
The Neguanje period represents the next unit in the archaeological sequence 
and occurs from -2,000 and 1,800 YBP. This period is identified by painted ceramics 
and the presence of personal adornments in the archaeological record of the region.. 
Some researchers have suggested the archeological complexity of some sites during 
this time period point to a rise in tribal societies within the region (Oyuela-Caycedo 
1986). These tribal societies are defined through the presence of prestige good 
manufactured through gold and jade, special cemeteries for the elite, and a rich 
iconography (Hoopes 2005a). A third period, known as Buritaca, overlaps the later 
part of the Neguanje and is dated between 1,800 and 1,300 YBP. This period is 
described from a site from the lower terrace of the Buritaca River excavated by Jack 
Wynn (1975). The final prehistoric archaeological sequence is known as Tairona and 
overlaps the end of the Buritaca and continues to after European contact (Bray 2003). 
The Ancient Tairona 
The term "Tairona" is a Spanish word that refers to "smelting of gold" and is 
used to refer to the contact period indigenous population of the Santa Marta range and 
adjacent areas of the Caribbean coast. It also refers to the archaeological context 
created by their ancestors from 800 A.D. to European contact (Bray 2003). 
Archaeologically, this period is known for its dense concentration of settlements that 
occurred from the sea level into the páramo. These settlements included complex 
stone road ways, irrigation drainages, platforms for houses, and terraces for 
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agriculture (Langeback 2003). Prior to the 1970s the Tairona were largely k n o w n for 
their goldwork and other artifacts, but little was known about their settlement 
patterns. One of the better known Tairona sites today is Ciudad Perdida ( L o s t City) 
that occurs at 1,130 meters in elevation and is located 50 kilometers to the southeast 
of the modern port city of Santa Marta. This site is situated along a ridge overlooking 
the Buritaca River and extends over a 20 hectare area. It included a series o f man 
made terraces that range from 50 centimeters to over 30 meters in he igh t and 
contained dwellings that ranged in size from 5 meters in diameter to over 3 0 meters. 
Artifacts found at the site included gold and tumbaga (an alloy of copper a n d gold). 
The oldest C-14 date for the site is 1,000 YBP. While 20 other nearby sites have not 
been dated, they have similar artifacts and pottery indicating that they da t e to the 
same time period (Wilson 1999). Other archaeological evidence demonstrates the 
Tairona were involved in a wide trade network that included the extinct Muisca 
cultural group from near present day Bogotá and westward into Costa R i c a and 
Panama. The trade items included stone, gold, and shell jewelry as wel l a s other 
perishable items that have not been maintained in the archaeological r eco rds (Bray 
2003). 
Ethnohistoric information collected by Spanish conquistadores and priests 
from the 1500s indicates that the Tairona were a series of large loosely organized 
chiefdoms found throughout the region (Bray 2003, Wilson 1999, Reichel-Dolmatoff 
1950). Spanish contact first occurred around 1500 A.D. and then intensified after the 
port of Santa Marta was founded in 1524. The Tairona resisted Spanish colonization 
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and began a rebellion that was not ended until 1600. The Spanish punished those 
Tairona communities that had participated in the resistance by burning settlements 
and prohibited the repopulation of the areas with punishment by death (Uribe 2000). 
During this time several Spanish soldiers and government officials recorded their 
visits to the area and described a densely populated area with towns of 20 to 15000 
structures that included ceremonial houses and temples and that major towns were 
governed by chiefs (Bray 2003). These Spanish chroniclers did not estimate overall 
Tairona population size but did describe different regions as densely occupied with 
hundreds of settlements and thousands of individuals. The Spanish recorder, Pedro 
Simón, noted that within the Caldera valley in the western Santa Marta range 
contained 250 settlements with an estimated ten thousand dwellings (Wilson 1999). 
The modern ecological anthropologist David Wilson (1999) used this ethnohistoric 
information along with archaeological evidence regarding settlement patterns from 
Ciudad Perdida to infer a Tairona population of 390,000 at European contact. This 
number was based on an estimated population density of 260 individuals per square-
kilometer and then applied to the entire 1,500 square kilometer range of Tairona 
occupation. Other demographic estimates for the Santa Marta region range from a 
high of 468,000 (312 individuals per km 2) to approximately 110,000 (75 individuals 
per km 2 ) (Langeback 2003). These demographic calculations are arbitrary because 
they are based on ethnohistoric information that details only contact with Europeans 
and do not reconstruct population growth or decline over time. The archaeological 
evidence that is used is primarily based on evidence of settlement patterns from a 
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single, large-scale site (Ciudad Perdida) and then applied to the whole region of 
Tairona occupation, which does not account for the potential of differential 
population density between the inhabited ecological zones of the Santa Marta range. 
Extant indigenous populations of the Santa Martas 
The current indigenous population size of the Santa Martas is 17,032 (Uribe 
2000). This catastrophic decline in population size can be traced to the Tairona 
rebellion that the Spanish ended in 1600. The Spanish forcibly removed or killed the 
majority of inhabitants and burned their villages to the ground. However, after the 
rebellion a few individuals fled to the interior of the Santa Marta Mountains and their 
descendents are presumed to be the living indigenous populations of the region. All 
three extant indigenous populations (Kogi, Ijka, Arsario) claim ancestry to the Tairona 
but this assertion is not without controversy. All three groups speak different 
languages within the Arhuácic subgroup of Chibcha. These groups also present 
cultural differences in the way they dress, perform certain rituals, and display subtle 
phenotypic differences (Uribe 2000). Some anthropologists have argued that these 
differences necessitate different interpretations regarding the relationships of these 
populations to one other (Uribe 2000). The discussion that follows presents pertinent 
cultural and demographic information on each of the Santa Marta populations as well 
as the neighboring Wayuú. 
Kogi 
The Kogi (Kagaba, Cogui) are Chibchan speaking seasonal slash and burn 
horticulturalists who inhabit the northern slopes of the Santa Martas. The Kogi are 
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divided into a tribal moiety of Tuxe composed of all men and Dáke composed of all 
women. All Tuxe and Dáke recognize a "totem" and declare themselves related to a 
certain animal, plant, object, or natural phenomenon. These "totems" are divided into 
one series which is male (i.e. jaguar-men, fox-men) and another that is female (i.e. 
armadillo-women, deer-women). A Tuxe and a Dáke can never have the same 
"totem". Each of these groups has specific cultural rules regarding members of other 
groups that are eligible for marriage. For example a jaguar-man will marry a pig-
woman, because the pig is considered to be the preferred food of the jaguar (Reichel-
Dolmatoff 1950). Marriage occurs between the ages of fourteen and eighteen for both 
men and women. However, men are said to prefer to marry women between the ages 
of fifty and sixty because they believe that they could learn more from such a 
marriage partner. This marriage preference was rarely achieved because there are few 
women of this age, and those who attained that age did not wish to marry naive young 
men (Wilson 1999). The men live matrilocally in order to serve the bride's parent for 
at least one year or until the religious leaders {Mamas) decide the time for the couple 
to live independently (Reichel-Dolmatoff 1950). 
There is little demographic information regarding the Kogi from the 1600s to 
the 1900s. In 1938 and 1941 Park (1965) estimated the number of Kogi at two 
thousand individuals. This figure coincides well with Reichel-Dolmatoff s (1950) 
ethnographic research in the late 1940s that estimated two thousand individuals 
inhabiting the northern slope of the Sierra de Santa Marta. The most accurate current 
estimate of total population size is 6,138 spread throughout twenty-five communities 
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(Uribe 2000) but others have suggested a number of about half this size 2,700 (Yunis 
et al 1994). There are a number of potential reasons for these discrepancies including 
the isolation of these communities, the xenophobia of the indigenous inhabitants, and 
that the area is one of the most contested zones of Colombia's forty year civil war, 
with every major armed group in the country fighting for control of the land (Muse 
2004). 
Ijka 
The Ijka (lea, Bintukua, Businka, Busintana, Arhuaco) are a Chibchan 
speaking agricultural population who inhabit the San Sebastián valley, the upper Rio 
Fundación, and the Río Templado on the southern side of Sierra de Nevada de Santa 
Marta. They are the largest Chibchan speaking group in the area and number either 
8,700 (Yunis et al 1994) or 9,394 in eleven communities (Uribe 2000). The Ijka have 
had the greatest amount of contact with the outside world through the work of 
missionaries and encroachment from Spanish settlers who were interested in the area 
for agricultural purposes. Beginning in the 1700s Capuchin Catholic missionaries 
began to work in the area and by the 1940s Catholic priests performed marriage and 
burial rites with the indigenous religious leaders (Mamas) (Layrisse et al 1963). The 
social organization of the Ijka is based on clans and lineages similar to the one used 
by the Kogi. However, the Ijka do not follow the "totem" model associated with 
masculine and feminine lineages (Uribe 2000). 
Park (1965) estimated that the number of Ijka in the Santa Marta region was 
500 in the 1930s and early 1940s. This differs from present Ijka population estimates 
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that range between 8,500 and 9,300 (Uribe 2000, Yunis et al 1994). If Park's 1940s 
estimates are correct this population would need a growth rate of between 0.75 - 0.80 
every ten years to account for this rapid increase in size. Based on population 
estimates given by Spanish chroniclers, the environment could sustain a population 
several times this size. However, other factors may account for this dramatic 
population increase including inaccurate estimates, admixture, or ethnic 
misidentification. It is possible that Park's (1965) 1940s population estimates are 
wrong because he never actually visited the area and relied primarily on secondary 
sources. Another potential factor for the rapid increase in size is admixture. The Ijka 
are the most acculturated of the Santa Marta populations and have been known to 
intermarry with both Europeans, Africans, and other neighboring Native American 
groups (Uribe 2000). A third potential reason for this size discrepancy is that the Ijka 
are often identified in the literature zsArhuac, which is phonetically indistinguishable 
from the term Arawak that refers to a South American and Caribbean language 
family. The term Arhuac was introduced by the Spanish in the 17 t h century to define 
the southern slopes of the Santa Marta range and referred to pacified Indians but is 
now often used to refer to the Ijka (Uribe 2000). This similarity between the two 
words may have caused significant enumeration problems with regards to ethnic 
identity. 
Arsario 
The Arsario (Sanká, Sanhá, Guamaca, Marocaseros, Wiwa) are a Chibchan 
speaking population who inhabit the southeastern slope of the Sierra Nevada de Santa 
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Marta. This population is closely related to the Kogi and at times will refer to 
themselves using the name and occasionally inhabit the same communities. However, 
the Kogi do not consider the Arsario members of the same population and refer to 
them as the "some people" (Reichel-Dolmatoff 1950). In the Kogi hamlets of San 
Francisco, Mamaróngo, Surlibáka, and Cherrua both groups live side by side with the 
only difference being that the Kogi live in circular houses and the Arsario in 
rectangular houses (Reichel-Dolmatoff 1950). The Arsario are the least well known of 
all the Santa Marta population but we can assume that due to their close relationship 
with the Kogi, they maintain a similar subsistence pattern, and ideology. Their social 
organization is identical to the Ijka, based on clans, lineages, and the absence of 
"totems" (Uribe 2000). There is also little demographic information regarding this 
population. Park (1965) estimated the total population to be about 500 individuals in 
the early 1940s. The current population of the Arsario is estimated to be between 
1,500 (Uribe 2000) and 2,700 individuals (Yunis et al 1994). This increase reflects a 
population growth rate between 0.25 and 0.30 every ten years. One potential factor 
for this growth rate is encroachment from other Santa Marta indigenous populations. 
According to Uribe (2000), both the Kogi and the Ijka have began moving into to 
traditional Arsario territory in order to find more arable lands for agricultural 
purposes and that these two groups have begun to subsume the Arsario. 
Wayuú 
The Wayuú (Goajira) are a semi-nomadic pastoralist Arawakan speaking 
population who inhabit the arid La Goajira (11°N, 73°W) peninsula that extends into 
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the Caribbean Sea (Saler 1992). This population was believed to be either a hunter-
gatherer or a horticulturist society until 1550, when they adopted a series of European 
domesticates including cattle, goats, donkeys, and sheep and became pastoralists. It is 
unlikely they ever achieved the cultural complexity observed in Arawakan speaking 
groups located in Venezuela or the Guineas (Layrisse et al 1961). Today, Wayuú 
society is divided into 30 matrilineal sibships with each of these having a separate 
chief. Social structure follows a matrilineal avunculocal residence pattern and is 
typified by extended families with polygynous family households. The biggest 
division in Wayuú society is between "blood relatives" and "flesh-relatives." "Blood-
relatives" are related through the paternal line and "flesh-relatives" are related 
maternally with stronger bonds being between "flesh-relatives". Varying degrees of 
consanguineous marriages are allowed except ego's mother's sisters children. Third 
degree marriages are allowed except for ego's sister's daughters children, and all 
fourth degree marriages are allowed (Layrisse et al 1961). They represent one of the 
largest current extant indigenous populations in South America and number 
approximately 80,000 (Yunis etal 1994). 
Genetics of Chibchan populations 
Central American populations 
The bulk of genetic research on Chibchan speaking populations has focused 
on populations from lower Central America in order to determine the relationship of 
these inhabitants to other Native American groups to the north and south. Due to 
their geographic location, bridging the two continents, between the complex cultural 
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societies in Mesoamerica and the Andes, it was thought that these groups would 
demonstrate high genetic diversity as evidence of large amounts of gene flow through 
the region. However, all of the studies on both classical and molecular genetic 
markers in the region have demonstrated low amounts of genetic diversity as well as 
high numbers of private genetic polymorphisms that are not shared with neighboring 
populations. Barrantes et al (1990) investigated 48 genetic loci from eight Chibchan 
speaking groups from Costa Rica and Panama (Boruca, Bribri, Cabecar, Guataso, 
Teribe, Kuna, Guaymi, Bokota). Using a standard genetic distance matrix converted 
to linear form correlated with time since divergence and compared with linguistic and 
geographic location data for the same groups, they found that geographic proximity 
accounts for some of the genetic and linguistic divergence but the correspondence 
between phylogenetic affinity and geographic location was not high. They also found 
a high number of private genetic polymorphisms including an absence of the Diego 
blood group A* allele (DiA*) in all except one group and high frequencies of 
transferrin D-Chi allele, the G6PD C allele and five regionally restricted variants. 
Using this evidence they argued that the large number of private polymorphisms 
indicated a long term in situ development of Chibchan populations over the last 
10,000 years and that "waves of migration are not compatible with either the genetic 
and linguistic data or with the archaeological history of the region" (Barrantes et al 
1990: 80). The absence of the DiA* allele had earlier been suggested as an important 
genetic marker differentiating North and South American Amerind populations 
(Layrisse & Wilbert 1961). Bieber et al (1996) looked at the six Central American 
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Chibchan (Guyami, Bribri, Cabecar, Huetar, Teribe, Guataso) populations and four 
protein polymorphisms (transferrin (TF), alpha-1 -antitryrpsin (PI), o2-HS-
glycoprotein (ASHG), human coagulation factor (F13B)) that distinguished 
continental human populations and tested whether they could be used to differentiate 
Amerindian groups. They found that low genetic diversity (Gst<0.05) for ASHG and 
F13B were the most useful for separating Amerindian populations. Using cluster 
analysis they found that Chibchan-speakers grouped together but not with 
neighboring populations, and indicated reproductive isolation of these populations. 
Layrisse et al (1995) investigated twenty-two Chibchan and Páezan speaking 
populations and found a general correspondence between genetic and linguistic data 
with higher affinity between Chibchan speaking populations. They estimated the 
antiquity of these Chibchan-speakers at a minimum of 7,000 YBP All of these studies 
suggested that these Chibchan populations have greater affinity with neighboring 
linguistically similar populations than they have with other neighboring Central, 
South, or North American indigenous populations. 
Evidence from mtDNA research on Central American Chibchan populations 
belonging to the Votic and Isthmic linguistic subfamilies also support the theory of in 
situ genetic evolution that occurred between 10,000-7,000 YBP. Several studies 
(Torroni et al 1993b, 1994, Santos et al 1994, Batista et al 1995, Kolman et al 
1995, Kolman & Bermingham 1997) have investigated mtDNA haplogroup data in 
these populations and discovered that they demonstrate a distinct pattern of founding 
Amerindian haplogroup frequencies. These groups are characterized by high 
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frequencies (>65%) of haplogroup A and moderate frequencies (20% - 30%) of 
haplogroup B and absence of haplogroup C; only two populations (Huetar, Boruca) 
demonstrated presence of haplogroup D. All of the Huetar individuals with 
haplogroup D were from the same island (Santos et al 1994) and the haplogroup was 
present in only one Boruca individual (Torroni et al 1994). Kolman et al (1995) 
argued that the absence of haplogroup C in any of the lower Central American 
populations indicated that it was not present during Chibchan genetic history. Torroni 
et al (1994) used high resolution RFLP analysis to study seven Chibchan (Teribe, 
Guataso, Boruca, Kuna, Guyami, and Bribri/Cabecar) populations as a reference point 
for a wider study of eighteen Amerindian populations in order to develop a mtDNA 
"clock" for the peopling of the Americas. They found a total of fifteen haplotypes of 
which eleven were unique to Chibchan speaking populations. They also found a 
unique loss of aMsp I restriction site at mtDNA nucleotide 104 that occurred only in 
Chibchan populations. Three studies have investigated mtDNA HVS-1 sequence 
variation in three (Huetar, Ngóbé, Kuna) of these populations (Santos et al 1994, 
Batista et al 1995, Kolman et al 1995). These studies all obtained similar results and 
showed low haplogroup and nucleotide diversity. The authors argued that these 
results indicate that these populations had been reproductively isolated from outside 
groups and that independent genetic evolution had occurred in these lower Central 
America populations. Kolman and Bermingham (1997) compared two of these 
populations (Kuna, Ngóbé) to two Chocoan (Emberá, Wounan) speaking populations 
of the Chocoan linguistic family who inhabit the Pacific coast of Panama and 
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Colombia. They found that the Chocoan populations demonstrated larger haplogroup 
and nucleotide diversity similar to other Native American populations and concluded 
that "ideas have flowed across the isthmian region more successfully than genes" 
(Kolman & Bermingham 1997: 1301). A small number of mtDNA coalescent dates 
for Central American Chibchan populations have been published. These include the 
Ngóbé, 6800 YBP (Kolman et al 1995), the Kuna approximately 10,000 YBP 
(Batista et al 1995), and a combined haplogroup A date for both group of 10,900 BP 
(Kolman & Bermingham 1997). These mtDNA coalescent dates have often been used 
to support the idea that Chibchan populations arose early during the peopling of the 
Americas and then compared to archaeological and glottochronological evidence to 
imply long-term population continuity of Chibchan-speakers within the region. 
Santa Marta populations 
Seven recent studies have investigated genetic diversity in the three Santa 
Marta Chibchan populations and the neighboring Wayuú (Salzano & Callegari-
Jacques 1988, Yunis et al 1994, Briceño et al 1996, Briceño et al n.d, Guarino et al 
1999, Mitchell et al 2000, Keyeaux et al 2002). Five of these studies focused on 
admixture between African, European, and Native American populations and the 
function that it has played in the development of these populations over the last 500 
years (Salzano & Callegari-Jacques 1988, Yunis et al 1994, Briceño et al 1996, 
Guarino et al 1999, Mitchell et al 2000). Two of these studies investigated mtDNA 
haplogroup diversity in these four populations and other indigenous populations from 
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Colombia in order to elucidate their role in the peopling of South America (Briceño et 
al n.d , Keyeaux et al 2002). 
Three of these studies used "classical genetic" markers (Salzano & Callegari-
Jacques 1988, Yunis et al 1994, Briceño et al 1996) to investigate admixture in the 
four study populations (Kogi, Ijka, Arsario, Wayuú). Salzano and Callegari-Jacques 
(1988) utilized data from two previous studies to investigate European and African 
admixture in the Wayuú (Layrisse et al 1961) and the Ijka (Layrisse et al 1963). 
They investigated a number of genetic markers including blood groups, red cell 
enzymes and red cell proteins. Table 2 shows the results of this study that found a 
small amount of admixture from African (7%) and European (7%) populations in the 
Ijka and a high degree of admixture (43% European, 39% African) from both groups 
in the Wayuú. Yunis et al (1994) investigated seven HLA (DQA1, DQB1, DRB1, 
DRBR, DRB3, DRB4, DRB5) alleles and eight blood group systems (ABO, MNSs, 
Rhesus, Kell, Duffy, Kidd, Diego) in the three Santa Marta Chibchan populations and 
the Wayuú. They found no evidence of admixture among the Kogi or the Arsario, a 
miniscule amount of European (<1%) and a high amount of African (22%) admixture 
in the Ijka. High levels of admixture were found from both Europeans (36%) and 
Africans (24%) in the Wayuú. Briceno et al (1996a) investigated variation in the 
HLA-DPB1 locus in the same four populations. They found no evidence of admixture 
in the Kogi, Arsario, or Ijka but found an exotic allele (*0101) in the Wayuú, 
indicating admixture with African populations. Two of these studies used molecular 
mircosatellite markers to investigate admixture in these populations (Guarino et al 
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1999, Mitchell et al 2000). Guarino et al (1999) used nine microsatellite markers 
(D2S1358, vWa, FGA, D8S1179, D21S11, D18S51, D5S818, D13S317, D7S820) 
and found no evidence of admixture in either the Kogi or Arsario. The Ijka were 
genetically close to these two groups but contained some levels of admixture and the 
Wayuú demonstrated the highest amount of admixture. However, they were unable to 
determine whether the admixture came from European or African populations. 
Mitchell et al (2000) investigated the D12S67 allele and compared these four groups 
to other worldwide populations (Minihasans, Torajans, Chinese Han, and Europeans). 
They found no levels of admixture in the Kogi or the Arsario, high levels of 
admixture in the Wayuú and moderate levels in the Ijka. The general consensus of 
these studies is that no admixture is present in either the Kogi or the Arsario, there is 
some admixture in the Ijka and the Wayuú demonstrated considerable amounts of 
gene flow from both European and African populations. 
Population European African Amerindian Source1 
Arsario 0 0 1.00 2 
Kogi 0 0 1.00 2 
«ka .058 .070 .872 1 
.0025 .2166 .7809 2 
Wayuú .425 .39 .185 1 
.3633 .2423 .3934 2 
Table 2: Admixture data from three Santa Marta Chibchan populations and the Wayuú. 
Sources: 1= Salzano & Callegari-Jacques (1988), 2= Yunis et al 1994 
Two studies (Yunis et al 199A, Guarino et al 1999) contained data that are 
important in understanding Chibchan genetics but were not fully addressed in the 
original articles. Yunis et al (1994) found an absence of the DiA* allele in both the 
Kogi and the Arsario but the found a relative high frequency of the allele (0.1852) in 
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the Ijka, and a very small frequency (0.0082) in the Wayuú, a neighboring Arawak 
speaking group. The loss of this allele has previously been used as an important 
diagnostic marker for Chibchan speaking populations (Barrantes et al 1990), and it is 
not found in two of the Santa Marta groups (Kogi, Arsario). Previous studies have 
demonstrated admixture in the Ijka, and this may explain the moderate frequency of 
the allele found in this population. However, it does not explain the low frequency in 
the Wayuú, an Arawak speaking group and presents the question of how accurate a 
diagnostic marker this is for Chibchan populations. Guarino et al (1999) investigated 
five Y-chromosome (DYS19, DYS390, DYS391, DYS392, and DYS393) markers on 
a small number of males from the four study populations. They found the largest 
number of haplotypes in the Wayuú (8) and the lowest number in the Ijka (3). They 
found sharing of haplotypes among the Arsario, Ijka, and Kogi but not with the 
Wayuú indicating a shared evolutionary history with the three Chibchan groups but 
not with the neighboring Arawakan group. 
Two previous studies (Keyaux et al 2002, Briceño et al n.d) have 
investigated mtDNA haplogroup diversity in the four study populations (Arsario, Ijka, 
Kogi, Wayuú). Table 3 presents the mtDNA RFLP results of these two investigations. 
Keyaux et al (2002) investigated all four groups as part of a larger examination of 
mtDNA haplogroup diversity in 25 indigenous Colombian populations. The results of 
this study found that the three Santa Marta Chibchan populations only contained 
haplogroups A and C. The neighboring Wayuú possessed three of the four 
haplogroups (A, B, C). Briceño et al (nd) also investigated mtDNA haplogroup 
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diversity in these same four groups. Their results showed that two of the Santa Marta 
Chibchan populations (Kogi and Arsario) contained only haplogroups A and C. The 
Ijka and the Wayuú contained three of the four haplogroups. A small number of 
Wayuú (4%) possessed a haplogroup of unknown origin that was thought to represent 
a previously unknown mtDNA haplogroup, designated haplogroup F. All of the Santa 
Marta Chibchan speaking populations shared high frequencies of haplogroup A with 
groups from lower Central America however they differ in the presence of 
haplogroup C, which is not found in Panamanian and Costa Rican Chibchan speaking 
populations. 
% Native American mtDNA haplogroups 
Population N A B C D Source* 
Arsario 8 25 0 75 0 1 
50 64 0 36 0 2 
Kogi 30 34 0 64 0 1 
50 58 0 42 0 2 
Ijka 40 82.5 0 17.5 0 1 
40 92 3 5 0 2 
Wayuú 20 25 15 60 0 1 
55 31 23 42 0 2** 
Table 3: mtDNA RFLP data from three Santa Marta Chibchan populations and Wayuú. 
*Sources: 1= Keyaux et al 2002,2= Briceño et al, **= Wayuú 4% unknown haplogroup F 
A number of important observations can be made from these earlier studies. 
Firstly, there is consistent evidence of distinctive genetic characteristics that 
distinguish Chibchan-speakers from other Native American populations in the region. 
The Central American Chibchan-speakers possess a number of private 
polymorphisms, low amounts of mtDNA haplotype diversity and mtDNA coalescent 
dates indicating long-term occupation of the Panamanian isthmus. Several studies 
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among Santa Marta Chibchan-speakers have shown that the Kogi and Arsario are 
non-admixed and that the Ijka show some evidence for gene flow. Research into 
mtDNA diversity among the Santa Marta groups demonstrates a reduced amount of 
Native American haplogroups compared to neighboring indigenous populations. 
Models for the peopling of the Santa Martas 
There are several proposed hypotheses for the peopling of the Santa Marta 
region. These include the hypothesis that modern and ancient cultures in the region do 
not fit the South American pattern and their cosmological and philosophical patterns 
indicate a migration from Mesoamerica prior to European contact (Reichel-DolmatofF 
1965). A second hypothesis is that close contact and mutual influence linked the 
populations of the Santa Martas with populations from lower Central America and 
along the Caribbean coast to form a Chibchan "interactions sphere" that extended 
from eastern Honduras into Colombia. However, the closet archaeological parallels of 
the both Neguanje and Tairona periods occur along the Atlantic coast of Costa Rica 
and not with those from Panama (Hoopes 2005b, Bray 2003). A third model suggests 
that these cultures evolved in situ without influence from other regions (Langeback 
2003, Bray 1984). A final model suggests that these populations represent Chibchan 
populations that migrated into the region between 300-600 A.D., due to drastic 
environmental events that changed the ecology of the region and led to the differential 
access to resources and a social hierarchy primarily controlled by religious elite 
(Hoopes 2005a, Bray 2003, Oyuela-Caycedo 1987). 
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Chapter III: Materials and Methods 
Population Background 
This research investigated mtDNA inter- and intra- group diversity in three 
Chibchan speaking populations (Arsario, Ijka, Kogi) from the Sierra Nevada de 
Santa Marta and one Arawak speaking group (Wayuú) from the Goajira peninsula in 
northeast Colombia. Figure 4 shows the geographic distribution of the four study 
populations as well as other lower Central and northern South American indigenous 
populations. The molecular techniques included polymerase chain reaction (PGR), 
restriction fragment length polymorphisms (RFLP), and sequencing of mtDNA HVS-
I. The analytical techniques included measures of selective neutrality (Fu 1997, 
Tajima 1989), R-matrix (Harpending & Jenkins 1973), median joining network 
phylogenetic construction (Bandelt et al 1995, 1999), analysis of molecular variance 
(AMOVA) (Excoffier et al. 1992), and coalescent time measures (Rogers & 
Harpending 1992, Saillard et al. 2000). The total sample size for the study was 190 
with the following population sample sizes: Kogi (n=50), Ijka (n=40), Arsario (n=50), 
and Wayuú (n=50). 
Population Samples: 
The biological samples utilized during this research were collected by 
researchers from Javeriana University, Bogotá, Colombia, during the 
multidisciplinary "Expedición Humana" project. After informed consent was 
obtained, blood samples were collected from unrelated individuals (Uribe 2000). 
Table 4 presents information regarding the study populations, the community where 
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biological samples were collected, the Colombian department (province) of the 
community, and year when samples collected. This thesis project was approved by the 
University of Kansas Human Research Committee (Hann, personal communication) 
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Figure 4: Geographic distribution of the four populations used in this study as well as other extant and extinct lower 
Central and northern South American populations. Chibchan-speakers in dark red, Wayuú in red, Chocoan speakers in 
black. Tairona and Muisca refer to extinct Chibchan-speaking populations. 
Population Community Department Year 
Arsario Umandita La Guajira 1992 
Ijka Las Cuevas Cesar 1992 
Kogi Nibiyaca La Guajira 1992 
Wayuú Kareme La Guajira 1990 
Manuare La Guajira 1990 
Macú La Guajira 1990 
Uribia La Guajira 1990 
Carizial La Guajira 1990 
Pórtete La Guajira 1990 
Table 4: Study Population, the community where biological samples were collected, Colombian 
department of collection community, and year when samples were collected. 
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DNA Extraction: 
Researchers at the University of Newcastle upon Tyne extracted DNA from 
whole blood using the phenol chloroform method (Briceño et al 1996). DNA samples 
were then sent to the Dr. Michael H. Crawford at the University o f Kansas by Dr. 
Surindar S. Paphia. The original buffer used to suspend the D N A in the original 
extraction had evaporated. Due to this desiccation the DNA samples were rehydrated 
in 50-75 pJL of nuclease free water (ddEbO). 
Laboratory Methods: 
Polymerase Chain Reaction (PCR) 
Since polymerase chain reaction (PCR) was first conceptualized and described 
by Kerry Mullis and others at Cetus Corporation in the mid-1980s (Saiki et al 1985), 
it has become the most widespread technique used in molecular biology to date 
(Devor 2004). The components of a common PCR reaction are water, a PCR reaction 
buffer, forward and reverse primers, magnesium chloride (MgCb), a DNA 
polymerase enzyme (e.g., Taq\ a mix of deoxynucleotide triphosphates (dNTPs) and 
target DNA. The water is primarily used as the medium in which the reaction will 
occur. However, due to the high potential for contamination, it is now common 
practice to use nuclease free water (ddH 20). Hence ddH 2 0 was used for all PCRs 
conducted during this research. The reaction buffer is used to provide an optimal pH 
environment for the reaction to occur in. The purpose of the MgCl 2 is to supply the 
M g + + cations necessary for Type II enzymes, which include restriction endonucleases 
and the DNA polymerases used in PCR. dNTPs provide the raw materials necessary 
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for the synthesis of new strands of DNA. The forward and reverse primers are used 
to specify a location of the region to be amplified within the target DNA. In order to 
denature the original double stranded DNA molecule at a high temperature, a stable 
thermophillic DNA polymerase enzyme is required. The most common DNA 
polymerase enzyme used in PCR is from the aquatic species Thermus aquaticus 
(Taq\ which inhabits heated pools in and around Yellowstone Park. The final and 
most important component for PCR is the target DNA. In order to prevent 
contamination, control samples must be utilized because the PCR method does not 
discriminate between the target DNA and any other nucleic acid (Devor 2004). In this 
study, positive and negative controls were used in all analysis. Positive controls 
included DNA samples with known Native American haplogroups and negative 
controls were run with ddEbO. 
Components for the PCR reaction included 2.5|jL of 10X PCR Buffer 
(provided by manufacturer), 4.0pL of MgCb (25mM), 0.5pL of dNTP nucleotide mix, 
0.2pL of Taq Polymerase, 9.8(iL of ddH 2 0, 2.5¡±L of forward Primer (10 pmoles/¡jL), 
25\\L of reverse primer (10 pmoles/fjL), and 3.0 \xL of diluted DNA. This resulted in 
25[\L reaction volume for each sample. All reagents were purchased from Promega 
(Madison, WI) except for the oligonucleotide primers, which were synthesized at 
Integrated DNA Technologies (Coralville, IA). Primers and their associated mtDNA 
haplogroups used in this analysis are listed in Table 5. Reactions were run on a Perkin 
Elmer 2400, an Applied Biosystems 9600, or a Biometra PC48 thermocycler. 
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Primer Sequence . A.T.* 
Primer Pair for Haplogroup A 
(+HaeJJl 663) 
535 FOR 5' CCC ATA CCC CGAACC AAC C 3 ' 55°C 
725 REV 5'GOT GAA CTC ACT GGAAGG GG 3 ' 
Primer Pair for Haplogroup C 
(-HincTL 13259 & +AluI 13262) 
13172 FOR 5'GCT TAG GCC CTATCACCA3' 51°C 
13383 REV 5'GTT GTG GAT GAT GGACCC 3 ' 
Primer Pair for Haplogroup B 
(+Haém 8250) 
8149 FOR 5'ACC GGG GGT ATA CTA ACG GT 3 ' 51°C 
8366 REV 5' TTT CAC TGT AAA GAG GGT TGT TGG 3 ' 
Primer Pair for Haplogroup D 
(-Alul 5176) 
5151 FOR 5' CTA CTA CTA TCT TCG CAC CTG 3 ' 53°C 
5481 REV 5' GTA GGA GTA GCG TGG TAA G 3 ' 
Primer Pair for HVS-1 
15976 FOR 5' CCA CCA TTA GCA CCC AAA GCT AAG 3' 55°C 
16422 REV 5' ATT GAT TTC ACG GGA GGA TGG 3 ' 
Primer Pair for Chibchan specific RFLP 
(-Mspl 104) 
I F O R 5'GAT CAC AGG TCT ATC ACC CT 3 ' 47°C 
240 REV 5'TAT TAT TAT GTC CTA CAA GC 3 ' 
Table 5: Primer pairs for four Native American founding mtDNA haplogroups (A-D), one 
Chibchan specific haplotype (Mspl) and HVSI sequence used in this analysis, *A.T.=Annealing 
temperature. 
PCR reactions were run according to the following three step thermal profile: 
(1) denaturing at 94°C for forty seconds; (2) annealing for thirty seconds at the lowest 
melting temperature for each primer pair (see Table 5); (3) extending at 72°C for 
forty-five seconds. These steps were repeated for thirty five cycles. Reactions were 
checked for PCR product on a 1.5% agarose amplification gel using electrophoresis at 
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ninety-seven volts for approximately one hour Depending on the size of the gel box, 
the reagents for the gel included IOOjiL or \50\xL of IX TBE, 1.5g or 2.25g or 
SeaKem agarose, cooled to 45°C and stained with ethidium bromide. A total of 5jjL of 
PCR product and 2[xL of 6X loading dye (provided by manufacturer) was added to 
each well and checked against a 25bp or lOObp DNA ladder (Promega, Madison, 
WI). DNA was visualized though ultraviolet light and photodocumented. 
Restriction Fragment Length Polymorphisms (RFLP) 
After amplification, base substitutions or insertion/deletion events were 
characterized. These were detected with restriction endoculeases, which are bacterial 
enzymes that cut the DNA at a specific recognition sequence that is typically 4-6 base 
pairs long. These enzymes cleaved the DNA at this specific location and left a 5', 3'or 
no overhang. Size variation in these restriction fragments was then detected by gel 
electrophoresis (Dowling et al 1996). This research investigated the restriction site 
variation of samples characterized for each of the four major Amerindian mtDNA 
haplogroups (A, B, C, & D). These four haplogroups are characterized by a restriction 
cut site determined by a specific restriction enzyme (Haelll, Hindi AM). An 
additional RFLP was examined for the loss of an Msp I cut site at mtDNA ntl04 that 
previously had been detected only in Chibchan speaking populations from lower 
Central America (Torroni et al 1994). The restriction enzymes and associated 
mtDNA haplogroup used in this study are listed in Table 5. 
The reagents for the restriction digest included 2.0jjL of 10X RFLP buffer 
(provided by manufactuer), l.OpL of 100X bovine serum albumin (BSA), 0.5pL of 
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restriction enzyme (New England Biolabs Beverely, MA), 9.0|jL of ddH 2 0 , and 
7.5(jL of PCR product DNA. This resulted in a reaction volume of 20uL per sample. 
All reagents except the d d H 2 0 water were purchased from New England Biolabs 
(Beverly, MA). The samples were then digested for ten to eighteen hours at 37°C 
using one of the three restriction enzymes (HaelR, AM, HincE). The reaction was 
stopped by the addition of 5uL of 3X loading dye to each sample. Digested fragments 
were electrophoresed on an ethidium bromide stained 3% 3:1 NuSieve gel (ISC 
BioExpress, Kaysville, UT) at 97 volts for two hours. The digested products were 
visualized on under ultraviolet light and photo documented. 
All 190 samples were characterized for the four founding Native American 
mtDNA haplogroups (A, B, C, D) from South America. Haplogroup A was 
recognized by the presence of a Haelll cut site at mtDNA nucleotide (nt) 663. The 
haplogroup B 9bp-deletion was characterized by cutting the amplified DNA with 
Haelll at nt8250. Although this particular cut site is present in all humans, 
verification of the deletion is easier to detect when smaller DNA fragments are 
compared. Haplogroup C was characterized by the absence of a HincE site at ntl3259 
and the presence of an AM cut site at nt13262. Haplogroup D was characterized by 
the absence of an AM cut site at nt5176. A subset of 20 samples each of the three 
Santa Marta Chibchan groups (Arsario, Ijka, Kogi) that belonged to haplogroup A 
were further characterized for the absence of t h e M ^ I ntl04 cut site. Samples were 
scored with a 1 if a restriction site was absent and a 2 if a site was present. 
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DNA sequencing: 
Four hundred base pairs (nt16001-nt16400) of HVS-I of the mtDNA control 
region were sequenced using the Sanger dideoxy sequencing method. Twenty-five 
samples from each of the four study groups were randomly chosen for sequencing. 
DNA stands were synthesized in a single direction with the forward HVS-I primer 
(Table 5). Due to a T-C transition at nt 16189 that caused the automated sequencing 
reaction to fail, all samples that contained this mutation were sequenced with the 
HVS-I reverse primer (Table 5). All DNA sequencing was conducted at Integrated 
DNA Technologies in Coral vilie, Iowa, under the direction of Dr. Eric J. Devor. The 
author was present for the initial sequencing of samples but subsequent samples were 
conducted by personnel at DDT. 
In preparation for the sequencing reaction, DNA templates were created using 
either a 25 pL (same as haplogroup PCR) or a 50 pL PCR reaction: 37.5JJL ddH 2 0 , 
5.0pL of 10X buffer (provided by manufacturer, Sigma-Aldrich, St. Louis, MO), 
3.0pL MgCl 2„ 1-OpL lOmM dNTPs, LOpL forward and reverse primer, l.OpL DNA 
sample, and 0.5pL of Taq. This resulted in 50.0pL total reaction volume. Primers and 
annealing temperature used for DNA sequencing are listed in table 5. Amplified PCR 
products were then checked on a 1.5% agarose gel 
Amplified PCR products were then purified using a QIAquick kit (Qiagen, 
Valencia, CA) kit. All reagents used in this portion of the sequencing analysis were 
provided by Qiagen (Valencia, CA). Following manufacturer's instructions, 5:1 ratio 
of Buffer PB was added to PCR product in order to bind the DNA. Solution was 
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transferred to a new L5mL tube and centrifuged for one minute at 13,000 rpm in 
order to bind the DNA to a positively charged filter Contents of tube were discarded 
and column was placed back in tube. 750pL of wash buffer was placed in column and 
l.SmLtube was centrifuged for one minute at 13,000 rpm. Column was transferred to 
new 1.5mL tube. 30pL of EB buffer was added to column and allowed to stand for 
one minute. The 1.5mL tube was centrifuged for one minute at 13,000 rpm in order to 
release purified DNA sample from column and collected in the bottom of t tube. 
Automated fluorescence method by an Applied Biosystems 310 capillary 
system sequencer was used to sequence the mtDNA HVS-I region. This technique 
involves tagging rhodamine derivatives on each of the dideoxynucleotides (ddNTP) 
terminators (ddQ ddA, ddC, ddT). When a ddNTP is added to the end of a growing 
strand, polymerization is terminated because it lacks the 3'OH needed for the 
attachment of the next nucleotide. This resulted in several DNA fragments of varying 
lengths, which were fluorescently-labeled. These were visualized by exciting the 
terminators with an argon laser at 488nm producing a peak spectral emission that 
differs for each specific nucleotide based on differing chemical structures (Devor 
2004). An Applied Biosystems (ABI, Foster City, CA) protocol was used for this 
reaction. All reagents used in this portion of the sequencing analysis were provided by 
Applied Biosystems (Foster City, CA). The following components were added to a 
0.2 mL tube: 4.0pL of terminator ready mix, 2.0pL 5x sequencing buffer, l.OpL of 
forward or reverse primer, l l .OpL ddH 2 0 , and 2.0pL of target DNA. This PCR 
reaction was run according to the following three step thermal profile: (1) 96°C for 
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ten seconds (2) 50°C for five seconds (3) 55°C for four minutes, and repeated for 
twenty five cycles. Unused primers and ddNTPs were removed by passing it through 
a spin column and dried in a speed-vacuum. Following manufacturer's instructions, 
dried sample were prepared for sequencing by adding 20uL of ABI template 
suppression buffer heated to 95°C for three minutes and placed on ice. DNA samples 
were transferred to ABI tubes and loaded onto an ABI 310 sequencer. The sequencing 
gels were run overnight and resulting chromatogram data were recorded by a 
computer. 
The mtDNA sequence chromatograms were aligned with Sequencher software 
(Gene Codes Corporation, Ann Arbor, MI). Resulting sequences from the four study 
populations were compared against the Cambridge reference sequence (published 
mtDNA sequence, Anderson et al. 1980) and differences between the nucleotide 
based were recorded as mutations. 
Analytical Procedure and Methods: 
Measures of Selective Neutrality 
In order to determine whether or not resulting sequence data were statistically 
significant under the neutral equilibrium model of sequence evolution two measures 
of selective neutrality, Tajima's D (Tajima 1989) and Fu's Fs (Fu 1997), were 
investigated. This model is based on the standard Wright-Fisher model and makes the 
following assumptions: (1) a large constant population size of N individuals; (2) 
random mating; (3) no overlapping generations; (4) no recombination; and (5) an 
infinite sites constant rates mutation process whereby an offspring differs from its 
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parent allele by a Poisson-distributed number of mutations with mean [i (S imonsen et 
al 1995). These statistics are appropriate in distinguishing population g rowth from 
constant size populations. Population growth generates an excess of mutations in the 
external branches of the genealogy and therefore an excess of substitutions t h a t are 
present in only one sampled sequence (Ramos-Onsins& Rozas 2002). This l eads to a 
star like phylogeny that includes a large central node with several radiating spokes 
represented by a single individual. 
Tajima's D (Tajima 1989) uses information of the mutation frequency and is 
based on the infinite-sites model without recombination. This statistic is appropriate 
for short DNA sequences or RFLP haplotypes. Tajima's D compares two estimators 
of the mutation parameter 9, where 6=2Neji (for haploid data, 4N e p for diploid data). 
Where N e is the effective size of the population and \i is equal to the mutation r a t e of 
the locus. The test statistic D is estimated as 
D= , ^ - t o (1) 
JVar(&r-6s) 
where 07c is equivalent to the mean number of pairwise differences be tween 
sequences (n) and 9 S is based on the number of polymorphic sites. Negative scores 
are indicative of larger values for 9 S relative to On signifying the potential effects of 
population expansion. However, significant D values may be caused by factors other 
than population expansion, including population bottlenecks, background selection, 
or mutation rate heterogeneity (Schneider et al. 2000, Aris-Brosou & Excoffier 1996, 
Tajima 1993) 
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Fu's Fs (1997) is also based on the infinite-site model without recombination 
but utilizes information from the haplotype distribution. This test statistic is defined 
using the equation. 
where S' is the probability of observing a random neutral sample and defined as 
S' =FR(K>k0bs\0=07r), where (k) is equal to the number of alleles similar or smaller 
than the observed value given 071 and Fs is logit of S'. Negative scores indicate an 
excess of allele, a signature of population expansion. This test is less conservative 
than Tajima's D and is more sensitive to large population expansions expressed as 
large negative numbers whereas positive numbers indicate populations impacted by 
genetic drift (Schneider et al 2000, Fu 1997). Tests of selective neutrality were 
generated using the statistical program Arlequín 2.0 (Schneider et al 2000). 
R-matrix analysis was used to determine the relationship between the four 
study population and neighboring South American indigenous groups using RFLP 
haplogroup data. R-matrix is a relational statistical technique that allows for the 
visualization of population structure and history in two or three dimensional space 
(Harpending & Jenkins 1973). The first step is to calculate a variance-covariance 
matrix of genetic similarity or dissimilarity between populations, using the equation 
Fs = ln( 
1-5" 
(2) 
R-Matrix 
(3) 
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where Ry is the kinship coefficient for every allele,/?/and^ are the allele frequencies 
in populations / and j and p is the weighted gene mean frequency of allele p in the 
matrix R. The matrix R is defined by the equation 
R-EAE\ (4) 
where A is a diagonal matrix with elements Xu X2, X?, and E are the eigenvalues of R. 
The first set of eigenvalues is arranged in descending order along the axis and the 
second set is placed at a right angle to the first maximizing dispersion. A covariance 
matrix is constructed by multiplying the eigenvectors by the variable for each object. 
In this way, the R-matrix is similar to a Principal Component Analysis (PCA) and the 
first two or three eigenvalues explain the majority of variation within the sampled 
populations. In addition to the R-matrix an S-matrix of covariances was calculated 
from the eigenvectors of the R-matrix in order to determine the distribution of alleles 
and the effect that they have on population dispersion. The S-matrix is calculated as 
the Z-matrix premultiplied by its transpose (Harpending & Jenkins 1973). 
Two separate R-matrices were run: (1) comparing these four study populations 
to one another using mtDNA haplogroup diversity along with data obtained from the 
literature for four blood groups systems (MNS, RH, Diego, Duffy) (Yunis et al 
1994); (2) comparing these four studied populations with mtDNA haplogroup 
variation in 36 existing Central and South American populations (Table 7). Originally, 
the R-matrix technique was designed for situations in which numbers of alleles 
exceed the number of populations studied. However, in this latter analysis a single 
locus (mtDNA) with multiple alleles was used. The following methodology was 
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applied because of the violation of the underlying assumptions. If the d imensions of 
the hyperspace occupied by k populations defined by p allele frequencies is the 
minimum of k-l and p so that both the S and R matrices contain all the informat ion 
regarding kinship and genetic distance. Indicating that if the number of popula t ions 
(k) are larger than number of alleles (p) then the R-matrix is more informative, 
however, if alleles (p) are larger than populations (k) the S-matrix is more useful 
(Harpending & Jenkins 1973:188). Both the R-matrix and S-matrix were calcula ted 
with ANTANA (Harpending & Rogers 1984) and PCA with Minitab 12.0 (Min i tab , 
Inc. State College, PA). 
Median Joining Network analysis 
Phylogenetic network analysis utilizing the median-joining methods w a s used 
for determining genetic relationships between haplotypes found within the s tudied 
populations. Networks offer an advantage over traditional phylogenetic t ree bu i ld ing 
methods that utilize maximum parsimony or maximum likelihood, because n e t w o r k s 
can distinguish between irresolvable and resolvable character conflict errors tha t may 
occur due to homoplasy. These networks then represent "all most parsimonious t r ees" 
by highlighting conflicts in the form of reticulations that can then be interpreted as 
homoplasy, recombination, or sequence errors (Bandelt et al. 1995). T h r o u g h the 
addition of consensus points (median vectors) to three mutually close sequences at a 
time the network is sequentially constructed. These median vectors can t h e n be 
interpreted as either extinct sequences or extant unsampled sequences w i t h i n the 
population. There are four different types of networks, Minimum Spanning N e t w o r k s 
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(MSN), Reduced Median (RM), Median-Joining (MJ), and Quasimedian (QM) 
networks. The minimum spanning network is the simplest to compute but does not 
generally represent the most parsimonious tree. However, MSNs are the starting point 
for all higher order networks. QM networks represent all possible combinations and 
are generally too complex to be visualized in three-dimensional space. The only 
difference between RM and MJ networks is that RM networks only work with binary 
data. MJ networks permit the use of multi-state data MJ networks and add an 
additional tolerance parameter £ that can be adjusted to the level of homoplasy within 
a population (Bandelt et al 1999). Applicable network analyses for this research are 
either RM or MJ, but because this analysis deals with multi-state data (nucleotide 
sequences) and with the addition of the £ parameter, MJ networks were determined 
the most appropriate. 
The assumptions of the MJ method are that ambiguous states are infrequent 
and that recombination is absent. These assumptions are met for mtDNA RFLP and 
control region sequence data as well Y-chromosome STRs when a single repeat 
mutation model is utilized (Bandelt et al 1999). The process of constructing a MJ 
network is completed through a five-step algorithm after specifying that the tolerance 
parameter £>0. The first step involves determining the distance matrix D for 
difference between sequences. The second step identifies the links between sequence 
types that are feasible. The third step removes obsolete sequences that were not 
among the sampled sequences but can be feasibly linked. If obsolete sequences are 
detected, the second step is repeated. The fourth step involves determining the 
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feasible triplets where at least two pairs are feasibly linked and at least one median 
vector is not yet a current sequence type. If no feasible triplets are present, then the 
algorithm continues to step five. Otherwise, the minimum connection cost X is 
computed: and if it does not exceed X+ 8, these new median vectors are added to the 
current sequence types and the process is looped back to step one. The last step is the 
construction of the final network (Bandelt et al 1999). MJ networks for this research 
were visualized using the computer program Network 4.0 (www.fluxus-
engineering.com) and then reconstructed by hand. 
Analysis of Molecular Variance (AMOVA) 
Analysis of Molecular Variance (AMOVA) was used to determine whether 
there was population subdivision among the four study populations or among 
neighboring populations based on their linguistic affiliation. Several AMOVAs were 
run that consisted of HVS-I haplotypes of individuals, traced to their linguistic 
affiliation and geographic place of origin in lower Central or northern South America. 
AMOVA is analogous to a nested analysis of variance (ANOVA) derived from a 
matrix of squared distances among all pairs of haplotypes. This in turn produces 
variance estimates and F-statistic analogs designated as ^-statistics that reflect the 
correlation of haplotypic diversity at different levels of hierarchical subdivision 
(Excoffier et al 1992). This is accomplished though the following equation for the 
total sum of squared deviations (SSD). 
S S D ^ - L l í ^ (5) 
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where N equals the number of haplotypes, 5 2 j k is the Euclidean distance between 
haplotypes j and k. This allows for the hierarchical partition of the haplotypes into 
SSD within populations, SSD within regional groups, and SSD among populations 
within regional groups. The mean squared deviation (MSD) is obtained by dividing 
the corresponding SSD by the appropriate degrees of freedom. (Excoffier et al. 1992). 
Due to the fact that mtDNA sequence data contain a greater number of transitions, 
distance matrices were constructed using the Kimura-2 parameter model (Kimura 
1980). This model accounts for unequal rates of transitions (T-^-C, A<-»G) and 
transversions (T or C <->• A or G). 
Two different AMOVAs were run: (1) using linguistic affiliation and 
geographic location of the four study populations; (2) using linguistic affiliation and 
geographic location from ten neighboring lower Central and South American 
populations (Table 9). This hierarchical analysis partitioned the variance into: (1) 
variance among population grouped by their geographic location or linguistic 
affiliation as defined by Ruhlen (1991) or Constenla (1991); (2) variance among 
populations within these groups; and (3) variance within these populations. 
Significance values were obtained by bootstrapping data 1000 times. AMOVAs were 
calculated with Arlequín 2.0 (Schneider et al. 2000) 
Time Estimate Measures 
HVS-I sequences were used to generate two different time estimates based on 
the mtDNA coalescent (Hudson 1990). The first of these was mismatch analysis, a 
useful statistical approach for estimating time of expansion for recently established 
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populations. This method produces histograms based on the number of pairwise 
differences within a population sample, which theoretically preserves a record of 
population history including expansion and genetic drift (Harpending et al 1993). 
Rogers and Harpending (1992) demonstrated that pairwise differences between 
nucleotide sequences increased by a rate of 2p (where p equals the mutation rate) for 
each generation during population growth. By taking this estimated substitution rate, 
it is possible to estimate N (population size) of a sample prior to population 
expansion. It is also possible by using the mtDNA coalescent (Hudson 1990) to 
estimate the initial timing of population growth in mutational units using the equation 
r = 2jut (6) 
where t is time in generations and p is the mutation rate. Then taking the parameters 
Go and 0i as the population estimates before and after expansion, respectively, and 
fitting these and x through the least squares method to the observed mtDNA mismatch 
distribution permits an estimate of expansion time in mutational units over divisions 
of time (Rogers & Harpending 1992). This analysis was conducted in order to 
estimate the date of a potential Chibchan diaspora. Mismatch analysis was conducted 
using the statistical program Arlequín 2.0 (Schneider et al2000) and frequency 
distributions were calculated by hand and plotted in Microsoft Excel 2003. Time 
estimates were generated using the mutation rate of 1 event every 9,300 years from 
Ward et al (1991). 
A second time estimator based on the mtDNA coalescent was used to account 
for the potential problem of mutation rate heterogeneity. A total of 29 sites within the 
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human mtDNA hypervariable region I mutate at 12 times the rate of other sites in the 
area (Schneider & Excoffier 1999). Therefore, an alternative time estimate (p ±o) that 
is less susceptible to this mutation rate heterogeneity and based on median joining 
trees was used to account for clusters within the phylogeny (Saillard et al 2000) and 
to determine if these time estimates provide a different chronology than obtained 
from mismatch analysis. These time estimates were generated using Network 4.0 
(www.fluxus-engineering.com). 
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Chapter IV: Results 
Restriction Fragment Length Polymorphisms 
The RFLP analysis revealed that the four study populations contain three of 
the five major Native American haplogroups as defined by Schurr et al (1990) and 
Torroni et al (1992). Table 6 six presents the mtDNA RFLP haplogroup data for the 
four study populations. Two of the populations (Kogi and Arsario) contain only 
haplogroups A and C. Two Kogi samples did not contain usable DNA reducing the 
sample size of that population from 50 to 48. The Ijka contain three of the five major 
haplogroups (A, B, C). The Wayuú also contain three haplogroups but B occurs in 
higher frequencies and haplogroup A in lower frequencies than in the other three 
study groups. Five samples from this population could not be assigned to any of the 
five major Native American haplogroups and may represent either African or 
European admixture that is known to be present in this population (Yunis et al 1994, 
Guarino et al 1999). However, these five were not analyzed for characteristic African 
or European RFLP markers. Haplogroup D is absent from all four of the populations 
in this study. 
Population N % A %B %C % D %Other 
Arsario 50 68 0 32 0 0 
Ijka 40 90 2.5 7.5 0 0 
Kogi* 48 65 0 35 0 0 
Wayuú** 50 34 24 32 0 10 
Kogi samples contained no usable DNA, **=5 Wayuú samples were undetermined haplogroups 
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Table 7 compares the four study populations to mtDNA haplogroup DNA 
variation in 36 other South American and lower Central American populations 
divided by linguistic affiliation as defined by Ruhlen (1991). These data are also used 
for R-matrix analyses in this study. These populations include eleven additional 
Chibchan-Paezan speaking groups including seven from lower Central America 
(Teribe, Guataso, Kuna, Bribri-Cabecar, Huetar, Ngóbé, and Emberá) and four from 
South American (Zenu, Atacemeño, Cayapa, Yanamamo), nine Andean speaking 
populations, eight Equatorial-Tucanonan groups, and seven Ge-Pano-Carib 
populations. Geographic locations of these populations are shown in Figure 5 with the 
corresponding population number being present in the first column of Table 7. The 
three studied Chibchan populations share a high frequency of haplogroup A, 
especially with those groups inhabiting lower Central America. The Ijka have the 
highest frequency of haplogroup A (90%) of any of the populations. The Santa Marta 
Chibchan-speakers differ from Central American Chibchan populations through the 
presence of haplogroup C. This haplogroup is absent in populations from lower 
Central America but is found throughout populations in South America. The Santa 
Marta populations also differ in the absence of haplogroup B from the majority of 
individuals present in the Santa Marta area. With the exception of one Ijka individual, 
this haplogroup is virtually absent from these groups. The presence of one haplogroup 
B individual in the Ijka population may be due to admixture with other Native 
American populations, but other factors cannot be ruled out. The Wayuú, who inhabit 
the nearby Guajiro peninsula, demonstrate a moderate frequency of haplogroup B 
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(24%) and may have introduced it into the population. An additional Chibchan 
specific RFLP was examined in a subset of 20 A individuals from each of the Santa 
Marta populations. The absence of an Mspl cut site at mtDNA nucleotide 104 had 
been found exclusively in Chibchan speakers from Central America (Torroni et al 
1994). All sixty individuals from the three Chibchan populations here contained the 
Mspl cut site, indicating that this mutation may have occurred after Chibchan 
ethnogenesis. 
DNA Sequencing 
The HVS-1 sequencing results for 61 (18 Arsario, 8 Kogi, 19 Ijka, and 17 
Wayuú) individuals are shown in Table 8. Due to the degraded nature of the DNA it 
was not possible to obtain sequences for all 104 individuals. A total of 18 different 
haplotypes, characterized by 25 different variable sites were observed despite this 
degradation. The haplotype SMA7 is the most common mtDNA lineage, present in 20 
individuals, followed by SMC3 (8 individuals), SMA3 (7 individuals), SMA1 (5 
individuals), SMC1 (4 individuals), and SMB1 (3 individuals). The remaining twelve 
haplotypes are unique and account for only one or two individuals each. Three 
haplotypes are shared between the Chibchan-speaking populations SMA3 and SMC3 
are shared by the Kogi and the Arsario and SMA7 is shared by the Ijka and the 
Arsario. The Wayuú do not share haplotypes with any of the three Chibchan speaking 
groups. 
Seventeen of the mutations are transitions and eight are transversions. Control 
gion sequences belonging to haplogroup A demonstrate the most variability and re¡ 
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Population LAF* N % A %B %C % D %OTH Ref.** 
(lfTeribe CP 20 80 20 0 0 0 1 
(2) Guataso CP 20 85 15 0 0 0 1 
(3) Kunapo<" CP 79 77 23 0 0 0 2 
(4) Bribri-Cabecar CP 24 54 46 0 0 0 1 
(5) Huetar CP 27 70 4 0 26 0 3 
(6) NgSbé CP 46 67 33 0 0 0 4 
(7) Cayapa CP 120 29 40 9 0 22 2 
(8) Atacemeño CP 50 12 72 10 6 0 6 
(9) Yanamamó CP 107 0 8 68 15 9 1 
(19) Emberá CP 22 73 22 0 0 5 7 
(22) Zenu CP 37 19 41 3 5 5 7 
Kogí CP 48 65 0 35 0 0 This Study 
Ijka CP 40 90 2.5 7.5 0 0 This Study 
Arsario CP 50 68 0 32 0 0 This Study 
Chibchan Total 690 46.7 24 19.7 4 5.6 
(28) Quechuap o o , AD 51 20 61 8 12 0 6,8 
(10) Aymara"001 AD 205 5 72 11 12 0 6,8 
(11) Mapuche*001 AD 208 5 20 33 39 3 9,10,11 
(12) Hufflichepo<>1 AD 118 4 29 19 48 0 2 
(13) Pehunche , ,O0, AD 205 2 8 40 50 0 6, 11 
(18) Yahgan AD 21 0 0 48 52 0 11 
(25) Fuegian AD 45 0 0 42 56 0 12 
(22)Ingano AD 27 15 44 37 0 4 7 
Pueños AD 65 12 65 8 15 0 13 
Andean Total 945 5.5 34.3 25.7 33.6 .8 
(23) Ticunapo°' ET 82 15 10 36 39 0 1,7 
(14) Zoro ET 30 20 7 13 60 0 14 
(15) Gaviáo ET 27 15 15 0 70 0 14 
(20) Wayuú ET 40 25 35 38 0 2 7 
Wayuú ET 50 34 24 32 0 10 This Study 
(32) Ignaciano ET 22 18 36 41 0 5 8 
(33) Trinitarion ET 35 14 40 37 3 6 8 
(34) Movima ET 22 9 9 64 18 0 8 
(35) Yuracare ET 28 39 32 21 4 4 8 
Equatorial Total 336 36.7 21.8 31.7 22.3 2.9 
(16) Matacopo°' GPC 129 8 54 9 27 2 1,15,16 
(27) Toba"001 GPC 56 20 41 5 30 4 15 
(24) Chorote"001 GPC 34 15 44 23 18 0 11,16 
(17) Xavante GPC 25 16 84 0 0 0 14 
(29) Pilaga GPC 26 27 35 4 35 0 15 
(30) Chimane GPC 41 39 54 5 0 2 8 
(31) Moseten GPC 20 40 55 0 0 5 8 
Ge Total 331 18.6 51.5 7.6 20.2 2.1 
Total 2302 24.3 31.9 22.2 21.2 2.7 
Table 7: South American Indigenous population mitochondrial DNA haplogroup frequencies 
# = Refers to geographic location shown in Figure 5. * = Refers to Linguistic affiliation as defined by Rutilen (1991), 
CP-Chibchan Paezan, AD=Andean, ET=Equatorial-Tucanoan, GPC=Ge-Pano*-Carib **= References 1= Torroni et 
al 1993b, 2=Rickards et al 1999,3=Santos et al 1993,4=Kolman et al 1995,6=Merriwether et al 1995, 7=Mesa et 
a/.2000, 8-Bert et a/.2001, 9=Ginther et al 1993,10=Bailliet e/a/.1994, ll=Moraga<2/tf/.20O0,12=Lalueza et a/. 1997, 
13=Dipierri et a/. 1998, 14=Ward ^ a/. 1996, 15=Demarchi et a/.2001, lóHBianchi et a/. 1995 
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contain twelve haplotypes. All lineages belonging to this haplogroup contain the 
16111C—>T, which place them all in the A2 subgroup of haplogroup A, found only in 
Native American populations. These haplogroup A lineages also contain the following 
three transitions: (1)16290 C ^ T ; (2)16319 G—• A; and (3)16362 T —> C. Ten of the 
haplotypes have the 16223 C -»• T transition, six haplotypes have the 16129 G -*A 
transition, and four haplotypes have the 16189 T —• C transition. All of the other 
haplotypes are defined by only one or two other mutations. None of the A haplotypes 
found in this study are known to be shared by other indigenous populations from 
South or Central America. 
Haplogroup C accounts for four of the eighteen haplotypes found in this study. 
All four haplotypes contain the 16223 C—• T transition, a 16298T —• C transition, a 
6325 T —• C transition, and a 16327 C -»• T transition. The two Chibchan speaking 
populations (Kogi and Arsario) that represent this haplogroup also have an additional 
16265 A —> G transition that the Arawakan speaking Wayuú lack. The Wayuú share 
haplotype SMC1 with two other South American populations, the Yanamamo and the 
Mapuche, and this corresponds to haplotype 24 shown in Table 9. All other 
haplotypes for this group are represented by a single mutation. Haplogroup B 
accounts for two of the eighteen haplotypes. Both these haplotypes have a 16189 T - • 
C transition and a 16217 T C transition. The only population to demonstrate B 
haplotypes is the Wayuú. The haplotype SMB1 is shared with four Central American 
(Huetar, Kuna, Ngóbé, and Emberá) and two South American populations 
(Yanamamo, Xavante) and corresponds to the haplotype 01 shown in Table 9. 
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Measures of Selective Neutrality 
Haplotype and nucleotide diversity values were calculated for all of the study 
populations as well as for five Central and five South American populations for which 
comparative data were available in the literature and is summarized in Table 10. The 
eight Kogi sequenced individuals were included with the other two Santa Marta 
groups in the SM Chibcha combined populations in order to increase the sample size. 
The Ijka have the lowest haplotype diversity (0.4620) of any the groups studied. The 
Arsario have a haplotype diversity of 0.7974, which is the highest of any of the 
Chibchan-speaking groups. The combined Santa Marta Chibchan speaking groups 
have a haplotype diversity of 0.7646. The Wayuú have the highest haplotype diversity 
(0.8417) of any of the study populations and is consistent with other populations from 
South America. The haplotype diversity for South and lower Central American 
populations ranges from 0.4620 (Ijka) to 0.9419 in the Emberá. All of the groups 
have low nucleotide diversity values with the Ijka having the lowest at 0.002 and the 
Chocoan-speaking Wounan exhibiting the highest at 0.02. Two measures of selective 
neutrality (Tajima's D and Fu's Fs) were also undertaken to determine if natural 
selection was acting on these populations or if other evolutionary forces were 
occurring. Tajima's D values are not statistically significant for any of the populations 
shown in Table 10, indicating that population expansion does not appear to be acting 
on these groups and that other evolutionary forces may be having an impact. The only 
population that possesses a significant Fu's Fs value is the Yanamamo. 
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R-Matrix 
Two separate R-matrices were used in the analyses of these data. The first of 
these compares the four study populations to one another using mtDNA haplogroup 
diversity along with data obtained from the literature for four blood groups (MNS, 
RH, Diego, and Duffy) (Yunis et al 1994). The second R-matrix compared the four 
study population with mtDNA haplogroup variation in 36 existing Central and South 
American populations. A list of these populations, their geographic locations, mtDNA 
haplogroup frequencies and original references are included Table 7. The criterion 
used for compiling this list of populations was a minimum sample size of twenty 
individuals and representative of a wide geographic area in South America. If a 
population was referenced in more than one publication, then sample sizes were 
pooled and haplogroup frequencies were calculated. The geographic distribution of 
these populations is shown in Figure 5. 
The first R-matrix compares the four study groups using eleven allelic 
markers (mtA, mtB, mtC, MS, Ms, R l , R2, Jka, Jkb, Fya, Fyb) and is shown in 
Figure 6. This matrix accounts for 92% of the variation present in the four study 
populations. The first axis accounts for 55% of the variation present in the samples 
and the 2 n d axis represents 37% of the variation. In the plot of variation the first axis 
separates the three Chibchan populations from the Wayuú. The second axis separates 
the Wayuú and the Ijka from the Arsario and Kogi. This indicates that the Arsario are 
intermediate between the Kogi and the Ijka which makes sense based on ethnographic 
information regarding this population. 
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In order to ascertain the relationship of the four study populations to thirty-six 
other populations in lower Central and South America a second R-matrix analysis was 
conducted with mtDNA RFLP frequency data for the four major American specific 
haplogroups (mtA, mtB, mtC, mtD) as well as other undetermined haplogroups that 
were present in these groups (mtE). The results of this analysis are shown in Figure 7. 
This matrix explained 75% of the total variation present in the populations. The first 
axis accounted for 47% of the total variation and the 2 n d axis accounted for 28% of 
the variation. There are three distinct clusters, with one being composed exclusively 
of Chibchan populations. This cluster was caused by the high frequency of 
haplogroup A present in these populations. Haplogroup B is clustering the populations 
from central and western South America. Haplogroups C and D are influencing the 
plots of populations in the southern cone of the continent. 
Median Joining Networks 
Two different median joining network analyses were run for these data. The 
first analysis combines the four study populations (Kogi, Ijka, Arsario, and Wayuú) 
into a single network connected through mutation defining haplotypes. In order to 
compare these populations to other Chibchan populations, sequence haplotype data 
were collected from the literature for comparison. A total of three Chibchan and two 
Chocoan speaking populations were found to have a sufficient sample size for 
comparison. These include the Kuna (Batista et al 1996), the Ngóbé (Kolman et al 
1995), the Huetar (Santos et al 1994), and the Emberá and the Wounan (Kolman and 
Bermingham 1997). Therefore, the final network constructed includes the four study 
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populations with five additional Central American populations for which mtDNA 
sequence data were present in the literature (Handt et al. 1998). These populations are 
all from Panama or Costa Rica 
The median joining network pictured in Figure 8 provides a graphical 
summary of the relationship between the 18 mtDNA haplotypes that were found in 
the four study populations. The Wayuú do not cluster with any of the three Santa 
Marta Chibchan populations. There are two cluster of Chibchan speakers within the A 
haplogroup centered on the empty A2 subnode. The first of these is centered on the 
SMA3 haplotype and contains three subnodes with individuals from two of the Santa 
Marta groups (Kogi, Arsario). The second cluster is centered on the SMA7 haplotype 
and contains five subnodes with at least one individual from each of all three Santa 
Marta populations represented. This result indicates that these populations probably 
shared common ancestry. 
The median joining network pictured in Figure 9 provides a graphical 
summary of the 60 haplotypes shown between three Central American Chibchan 
speaking populations (Huetar, Ngóbé, and Kuna), two Central American Chocoan 
speaking populations (Emberá, Wounan) and the four study populations. Of the sixty 
haplotypes present in these nine populations only three are shared between groups. 
The node, centered on H l l , is shared between the Central American Chibchan group, 
the Arawak speaking Wayuú and the Central American Chocoan populations. The 
haplotype NG4 is shared between the Central American Chibchan and the Central 
American Chocoan speakers. Haplotype EW22 is shared between the Wayuú and the 
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Central American Chocoan speakers. All three of these nodes are shared between 
several Native American groups and represent several founding Native American 
haplotypes (Bl , A2, and C2, respectively). The Santa Marta Chibchan populations do 
not share nodes with any of the other three groups. The most starlike structure 
belongs to haplogroup B centered on node HI 1 and is representative of a recently 
expanding population. Haplogroup A2 centered on NG4 demonstrates the most 
haplotype diversity with three satellite starlike clusters (SMA7, SMA3, NG2) and 
several large single nodes representative of founder effect based on the short branch 
length (1 mutational unit) and the large nodes with no satellite branches with little or 
no population overlap between groups.. 
A subsequent network analysis of 104 haplotypes conducted with all 
populations found in Table 10 did not differ significantly from the second network 
shown in Figure 9 (data not shown). Only 14 of the 104 haplotypes were shared 
between populations and most of these were found in neighboring populations 
already pictured in Figure 9. The addition of the five South American populations 
only added two shared nodes on the haplogroup B node H l l and the haplogroup C2 
node and several single nodes within haplogroups C and D. 
AMOVA 
Two separate analyses of molecular variance (AMOVAs) were conducted for 
this study. The first AMOVA includes the four study populations, separated into two 
groups, the Santa Marta Chibchan speakers (Kogi, Arsario, Ijka) and the Arawak 
speaking Wayuú. The second AMOVA includes data from all of the ten South 
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Figure 9: MJ network for four study populations, three Central American Chibchan and two 
Central American Chocoan populations: Size of node indicates number of individuals and 
number on branches represent mtDNA mutation location (nt16050-16383). Major mtDNA 
haplogroups are A1=KUA2, A2=NG4, B1=H11, C2=EW22, dl=empty node dl 
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American populations shown in Table 7. These separated into seven different groups 
based on their linguistic affiliation as designated by Ruhlen (1991): Central American 
Chocoan (Emberá, Wounan), Central American Chibchan (Kuna, Ngóbé, Huetar), 
Central American Chibchan (Ijka, Arsario), South American Chibchan (Yanamamo), 
Equatorial-Tucanoan (Wayuú, Zoro, Gaviao), Ge-Pano-Carib (Xavante), and Andean 
(Mapuche). 
The results of the AMOVA between the four study populations separated into 
two groups (Chibchan and Non-Chibchan) are shown in Table 11. The amount of 
variation among groups, 15.05%, was not considered statistically significant at the 
a=0.05 level. There was statistically significant variation among populations within 
the two groups and this accounted for 18.20% of the variation. The greatest amount of 
variation was within populations and accounted for 66.75% of all of the variation 
within the groups. This was also considered statistically significant. The lack of 
variation between groups and the high level of diversity among populations within 
groups may have been observed because only two groups were used and there may be 
significant mtDNA diversity between the three Santa Marta Chibchan speaking 
populations. When an AMOVA was run separating the Ijka out from the Kogi and the 
Arsario statistically significant variation was found among groups but not within 
groups indicating the possibility that the Arsario and the Kogi are more closely 
related than either is to the Ijka. 
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Source of 
variations 
D.F. Sum of 
Square 
Variance 
Components 
Percentage 
of Variation 
O 
Statistic 
P 
Value 
Among 
Groups 
1 20.152 0.42346 15.05% Oct 
0.15051 
0.25 
(NS) 
Among 
populations 
within groups 
2 18.272 0.51192 18.20% Osc 
0.21419 
>0.0001 
Within 
populations 
57 107.052 1.87810 66.75% Ost 
0.33246 
>0.0001 
Total 60 145.475 2.81348 
Table 11: AMOVA between two groups (Chibchan and Non-Chibchan): Four study populations. 
Source of 
variations 
D.F. Sum of 
Square 
Variance 
Components 
%of 
Variation Statistic 
P 
Value 
Among 
Groups 
6 298.47 0.57720 18.53% Oct 
.18532 
>0.0001 
* 
Among 
populations 
within groups 
6 84.204 0.37903 12.17% Osc 
0.14938 
>0.0001 
Within 
populations 
425 917.297 2.15834 69.30% Ost 
0.30702 
>0.0001 
Total 437 1299.973 3.11458 
Table 12: AMOVA for 7 groups based on linguistic affiliation as defined by Rnhlen (1992). 
Central American Chocoan (Emberá, Wounan), Central American Chibchan (NgSbé, Kuna, 
Huetar), Santa Marta Chibchan (Ijka, Arsario), South American Chibchan (Yanamamo), 
Equatorial-Tucanoan (Wayuú, Zoro, Gaviao), Ge-Pano-Carib(Xavante), and Andean (Mapuche) 
The results of the AMOVA for all of the South and Central American 
populations are shown in Table 12. Groups are based on linguistic affiliation as 
defined by Ruhlen (1991) (Table 7). The amount of variation among groups 
accounted for 18.53 % of the variation, the amount of variation among populations 
within groups accounted for 12.17% of the total variation, and the amount of 
variation within populations accounted for 69.30% of the variation. All three were 
considered statistically significant at o>0.001 level The lowest amount of diversity 
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was shown among groups indicating that there is probably differentiation between 
groups based on linguistic affiliation. 
Time estimates 
Mismatch analyses were conducted for all of the comparison populations that 
are listed in Table 10 and compared to the four study populations. The first analysis 
was applied to the HVS-I sequences data for the four study populations (Ijka, Arsario, 
Wayuú, and Santa Marta Chibchan combined). Due to the low number of sequenced 
Kogi individuals, all of the Santa Marta individuals were combined into a single 
entity in order to increase the statistical power for that group. The r values for all 
populations are shown in Table 13 as well as age ranges based on the 95% upper and 
lower T confidence interval values. The T values range from 2.18 for the Ijka to 9.98 
for the Santa Marta Chibcha combined population. Time estimates based on these 
values range from 20,274 - 92,814 YBR Four mismatch distributions for the study 
populations are shown in Figure 10. The only study population to demonstrate a 
unimodal mismatch distribution is the Ijka (Figure lO.b). They show a spike 
beginning at 2 mutational units then a dip at 1 mutational unit, then a sharp peak 
again between 0 and 1 unit of mutational time, possibly indicating a recent population 
expansion during the last 10,000 years. The other three study populations all 
demonstrate multimodal distributions indicating several population expansions and 
contractions over the last 100,000 years. The Arsario (Figure 10.a) show a slightly 
trimodal distribution with a sharp peak occurring at mutational unit eight and then 
two smaller peaks, with one occurring at two units of mutational time and another at 
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zero units of mutational time. The Santa Marta Chibcha combined group (Figure 
lO.c) exhibits a mismatch distribution that is similar to the Arsario with potentially 
three peaks occurring. The Wayuú (Figure lO.d) also demonstrate a trimodal peak, 
however, they have two peaks between five and nine mutational units and one small 
peak at zero units of mutational time. All of the other South American populations 
also showed multimodal distributions However, with the exception of the Xavante 
and the Zoro (data not shown), the only other populations to have frequencies above 
0.2 between 0 and 1 units of mutation are the three Central American Chibchan 
speaking populations and the Santa Marta populations. 
In order to determine whether or not stochastic effects and the distribution of 
haplogroups in these populations may be having an underlying effect on the mismatch 
distributions, a subsequent mismatch analysis was run on individuals of haplogroup A 
for the Santa Marta Chibchan populations and two clusters of haplogroup A. The first 
cluster was defined as individuals who had the 129 G-A transition and the second 
cluster was based on the 189 T-C transition. The Wayuú were excluded because they 
were clearly a separate population and all of their haplotypes occurred in clusters of 
two for each haplogroup. Individuals of haplogroup C from the Santa Marta 
populations were also excluded because more than two haplotypes are necessary to 
get accurate results. The x values and date ranges are shown in Table 10 and the 
mismatch distribution for all three groups is shown in Figure 11. The T value for all 
the Santa Marta Chibchan speaking groups is 2.6 which dates to 24,180 years bp, this 
date is consistent with other estimates for the presence of haplogroup A in the New 
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World, especially haplogroup A2 (Schurr & Sherry 2004, Saillard et al 2000). The 
mismatch distribution for this haplogroup is also bimodal and may be representative 
of the two clusters of haplotypes found in the median joining network shown in 
Figure 7. Both of these clusters are unimodal with lower T values. The distribution for 
SM haplotype A7 has the higher value and is similar to the Ijka mismatch distribution 
shown in Figure 10, except that it plateaus between 2 and 1 unit of mutational time. 
The distribution for SM haplotype A3 has the lowest T value of 0.97 and dates to 
9,021 years bp, which is the lowest estimate for any of the dates given using 
mismatch analysis. 
A second coalescent dating technique using the p-statistic of Saillard et al 
(2000) was used because the dates given by the mismatch analysis were not all within 
the range for the peopling of the Americas. This indicated a drawback to the 
mismatch technique because it does not allow for the date to be rooted in a 
phylogenetic framework. A significant advantage of this technique is that it allows the 
researcher to root the tree with an ancestral node and determine the ancestral nodes to 
be dated. Two subnodes from Figure 8 were chosen to be dated using this technique 
because they contained more than one descendent subnode and more than one of the 
study populations. The first subnode was centered on SMA7 and gave a date of 6,985 
(+/- 3,557) years BP. The second cluster was centered on the SMA3 haplotype and 
contains individuals from the Kogi and Arsario. The p statistic gave a date of 8,072 
(+7-4^943) years BP for this node. The dates given for both of these nodes are 
consistent with other dates previously reported for Chibchan ethnogenesis, which 
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range between 6,000 and 10,000 years bp (Kolman et al 1995, Kolman and 
Bermingham 1997, Torroni et al 1994). An additional analysis was done on the A2 
node shown in Figure 9. Based on these data the p statistic (1.11) gives a date of 
22,422 (+/- 8,206) years BP for this haplogroup which is consistent with other 
estimates for the presence of haplogroup A in the Americas (Schurr and Sherry 2004). 
Haplogroups C and D centered on empty nodes CI and Dl demonstrate the least 
amount of diversity. The branches for these haplogroup A nodes are deeper and there 
are several large nodes (KUA1, HI , SMA7, NG2, SMA3) with a only a small number 
of individual branching nodes indicating populations that have gone through a recent 
bottleneck in regards to mtDNA. 
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Time estimates for Mismatch and p values for South American Populations 
Population T 95% CI Time Est. Date Range 
Arsario 9.57 3.8-19.88 89,001 35,340-
184,884 
Ijka 2.18 0.247-4.43 20,274 2,297-41,119 
Santa Marta Chibcha 
comb 
9.98 4.184-15.98 92,814 38,911-
148,614 
Emberá 9.11 4.21-13.85 84,723 39,153-
128,805 
Wounan 9.95 4.9-14.59 92,535 45,570-
235,687 
Ngóbé 9.92 4.26-16.72 92,256 39,618-
155,496 
Kuna 8.14 2.9-13.7 75,702 26,970-
127,410 
Huetar 6.83 2.25-14.82 63,519 20,925-
137,826 
Wayuú 8.28 3.75-13.75 77,004 34,875-
127,875 
Mapuche 7.93 4.23-11.22 73,749 39,339-
104,346 
Xavante 9.52 4.19-14.52 88,536 38,967-
135,036 
Zoro 7.02 2.23-12.52 65,286 20,739-
116,436 
Gaviáo 8.24 2.94-15.92 76,632 27,342-
148,056 
Yanamamo 6.22 2.08-11.27 57,846 19,344-
104,811 
Santa Marta Haplogroup 
A 
2.6 0.48-6.34 24,180 4,464-58,962 
Santa Marta Haplotype A3 0.97 0.00-3.96 9,021 0-36,828 
Santa Marta Haplotype A7 2.25 0.188-4.21 20,925 1,748-39,153 
Median Joining Cluster P 
Santa Marta Haplotype A3 0.4 0.15-0.65 8,072 3,129-13,015 
Santa Marta Haplotype A7 0.35 0.17-0.52 6,985 3,428-10,542 
Table 13: Mismatch T and p values for South American populations. Mismatch time estimates 
are based on 1 mutational event every 9,300 years (Ward et aL 1991), p values are based on 1 
mutational event every 20,180 years (Saillard et aL 2000) 
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Chapter V: Discussion 
Mitochondrial markers were examined in four indigenous Colombian 
populations who live in close proximity but represent two distinct linguistic families. 
The Chibchan speaking Arsario and Kogi carried only two (A, C) of the four New 
World founding haplogroups (Torroni et al 1993b). These results are consistent with 
other published mtDNA haplogroup data for these groups (Keyeux et al. 2002, 
Briceño et al. nd). The Chibchan-speaking Ijka contained three of the founding 
haplogroups (A, B, and C) but they had over 90% A. One previous study of the Ijka 
also found similar results regarding the presence of the three haplotypes (Briceño et 
al. nd) and another study found only haplogroups A and C (Keyeux et al. 2002).The 
Arawak-speaking Wayuú exhibited three (A, B, and C) of the four founder 
haplogroups and are consistent with other mtDNA haplogroup research conducted on 
this population (Keyeux et al. 2002, Mesa et al. 2000, Briceño et al. nd). The Santa 
Marta Chibchan populations did not exhibit any non-Native American haplogroups, 
indicating no maternal admixture in these populations. The Kogi and Arsario had 
previously demonstrated no admixture, but the Ijka had shown admixture from both 
European and African populations (Yunis et al. 1994, Salzano & Callegari-Jacques 
1988). This would indicate that admixture into this population was generated from 
male lineages. 
In contrast to other indigenous New World populations the Santa Marta 
Chibchan groups demonstrate a distinctive pattern of mtDNA haplogroups. The 
majority of individuals in these populations belong to haplogroup A and this is shared 
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with other Chibchan populations from lower Central America. Where the Santa M a r t a 
Chibchan-speakers differ is in the presence of haplogroup C, which is absent in 
Central American groups. Kolman and Bermingham (1997) suggested t h a t 
haplogroup C was not present in Chibchan groups throughout their genetic history, 
but these data appear to refute that. The Santa Marta populations also differ in t h e 
absence of haplogroup B, which is found in moderate frequencies in the Cen t ra l 
American populations. Only two Central American Chibchan (Huetar, B o r u c a ) 
speaking groups are known to demonstrate small frequencies of haplogroup D, a n d 
this was found in one or a few individuals from one community (Santos et al 1 9 9 4 , 
Torroni et al 1994). A potential explanation for this is that the four major N a t i v e 
American haplogroups were present at the beginning of Chibchan genetic d ivergence 
and then subsequently lost through genetic drift. All of these populations have g o n e 
through a significant depopulation within the last four hundred years due to E u r o p e a n 
contact and the different distributions shown here could be representative of t ha t . 
However, this explanation is unlikely as all Native American populations w e n t 
through these severe contact depopulation events. The only difference for t h e s e 
depopulation events is the duration of time since they occurred. Ind igenous 
populations in the Caribbean, along the Caribbean coast of lower Central a n d 
northern South America were the first to be colonized by Europeans and the re fo re 
suffered the most profound losses. Nevertheless, several of these groups contain a t 
least four of the five founding haplogroups and higher mtDNA diversity then s een i n 
Chibchan populations (Schurr & Sherry 2004, Kolman et al 1995). 
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The indigenous populations of Colombia offer an alternate explanation to the 
theory of genetic drift. In Colombia there are differing haplotype frequencies (A/D 
cline) between east and west (Keyeux et al 2002) created by the Andean cordillera 
that diagonally splits the country. This breaks the Colombian groups into two broad 
groups. The first group contains populations characterized by high frequencies of 
haplogroup A who are culturally related to the Central American populations though 
linguistic affiliation, biology and geography (i.e., Chibchan or Arawak) located on 
the northwestern side of the Andes. The Santa Marta Chibchan populations and the 
Wayuú clearly fit into this group. The second group contains populations with high 
frequencies of haplogroup D who are more closely related to populations from the 
rest of South America along the southeastern side of the Andes. Haplogroup C is seen 
as being stable throughout the continent with similar fluctuations within each 
subcontinental region. Haplogroup B is absent from both the north and south of the 
continent but is stable throughout the interior. While genetic drift may explain these 
distributions in isolated populations, it assumes an absence of selective pressure over 
all the founding Native American mtDNA haplogroups. In order for this to be a 
plausible explanation there would need to be either a gradual cline or at least random 
distribution as opposed to abrupt genotypic changes caused by a significant 
geographic barrier (Keyeux et al 2002). 
An alternate explanation for this discontinuous gradient of haplogroup 
frequencies is that South America was settled by two waves of human migrants. The 
first small groups of Paleoindians would have migrated into South America, moved 
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south and over time gradually evolved into several heterogeneous groups. The second 
group would have maintained closer contact with their Central American genetic 
cousins (Keyeux et al 2002, Fox 1996). If this second migration represented a 
Chibchan diaspora that occurred early during the peopling of the Americas it is likely 
that the Andean cordillera may have the slowed the movement of people further 
south. As the population size increased it may have backed up into the isthmus, 
causing it to become more densely populated, effectively blocking more migrants 
entering from the north (O'Rourke et al 1992). Ethnohistoric data support this 
argument. The two largest Chibchan speaking populations present at contact were 
from Colombia and included the ancient Tairona whose maximum population size has 
been estimated at 468,000 individuals (Langeback 2003) and the extinct Muisca from 
near Bogotá whose numbers were estimated to be 500,000 (Hoopes & Fonseca 2003) 
at Spanish contact. Linguistic evidence also supports this argument. Colombia 
contains the second largest number of indigenous populations in South America 
representing 80 different language families (Yunis et al 1994). The geographic 
distribution of these languages is more numerous and fragmented on the southeastern 
side of the Andes, whereas on the northwestern side there are fewer languages and 
most populations having cultural and biological relationships with either Central 
American (Chibchan & Chocoan) or Caribbean (Arawak) populations. 
Today, the largest Chibchan-speaking populations inhabit lower Central 
America and number approximately 250,000 (Hoopes & Fonseca 2003). One of the 
largest of these contemporary populations (-125,000 pop.) is the Kuna. This 
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population is thought to have immigrated into Panama from Colombia during the 
1600s and is known to have migrated from the Pacific coast to the Caribbean coast in 
the mid-1800s due to pressure from Chocoan speaking populations (Kolman et al 
1995). The Central American Chibchan population size at contact is unknown but 
may have been roughly 500,000 (Hoopes personal comm.). One can assume that the 
population in the region began to expand when plant domesticates were introduced 
into the region around 5,000 YBP (Hoopes & Fonseca 2003, Constenla 1991) and that 
this only increased over time until the time of contact. This would indicate the 
presence of a sizable population at contact which would have blocked population 
movement along the Andes from the South into Mesoamerica. What is less known is 
the size of populations on the northern Chibchan linguistic frontier and what were the 
Chibchan relationships with Caribbean populations? 
Population Relationships 
Study Populations 
Both the R-matrix (Figure 6) and the median joining (MJ) network (Figure 8) 
indicate that the Santa Marta Chibchan populations share a genetic relationship with 
each other and not with the Wayuú. In the R-matrix the Kogi and the Arsario cluster 
close together These two groups also share two mtDNA haplotypes (SMA3, SMC3) 
indicating shared matrilineages. The Ijka are separated from the other two groups in 
the R-matrix but also share a matrilineage with the Arsario (SMA7). These results 
indicate that the Arsario may be intermediate between the two groups as they are the 
only group who share matrilineages with the other two as well as sharing cultural 
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traits with both the Kogi and the Ijka. Y-chromosome data shows a different 
relationship for these populations where all three groups share at least two 
patrilineages (Guarino et al 1999). These data are consistent with ethnographic 
information regarding at least, the Kogi, who practice uxorilocal marriage customs 
(husband moves to the wife's home) (Reichel-Dolmatoff 1950). Ethnographic 
information regarding the other two Santa Marta Chibchan populations is sparse but it 
can be assumed that these groups also share this cultural custom as it is practiced in 
two other Chibchan-speaking populations from lower Central America (Kuna, 
Huetar). However, the Chibchan-speaking Ngóbé practice virolocal customs (wife 
moves to the husband's home) and also demonstrate low mtDNA diversity levels 
(Kolman et al 1995). An alternate explanation for this may be that geographic 
proximity may be more important than marriage customs. In this case it would appear 
that the former explanation is the most parsimonious as all three groups descend from 
the same ancestral population as well as inhabit the same geographic area. 
The Wayuú are genetically distinct from the Santa Marta Chibchan 
populations and this is the result of a number of factors. They inhabit the vast arid 
Guajiro peninsula where they are exposed to more extreme climatic conditions so 
they are more likely to inhabit the Caribbean or Atlantics coast then the arid interior 
where the Santa Martas border the peninsula. They belong to the largest existing 
linguistic family in Colombia (Arawak) and their population size is also large 
(40,000-80,000 in Colombia) compared to the other groups (Yunis et al 1994) They 
do not share any mtDNA haplotypes with the Chibchan populations (Figure 8) and 
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they are not clustered with any of the groups in the R-matrix (Figure 6). They also do 
not share any Y-chromosome haplotypes with the Santa Marta populations (Guarino 
et al 1999) and are known to be admixed based on blood group data with both 
Africans and Europeans (Yunis et al 1994, Salzano & Callegari-Jacques 1988). 
Culturally, they are also distinct from Santa Marta Chibchan populations by being 
seasonal pastoralists as opposed to seasonal horticulturists. So, while the four study 
populations are geographic neighbors, there are several key environmental, cultural, 
and biological differences creating genetic schisms between the two clusters based on 
linguistic affiliation. 
South American and lower Central American Chibchan populations 
Based on the R-matrix (Figure 7) there appears to be a relationship between 
northern South American and lower Central American Chibchan-speaking 
populations. These two groups cluster close together and do not appear to be 
associated with other linguistic stocks from South America. These groups are 
separated out by a high frequency of haplogroup A and a virtual absence of 
haplogroup D, similar to the Colombian mtDNA pattern found by Keyeux et al 
(2002). The Kogi and the Arsario cluster with the remnant Huetar population from 
Central Costa Rica. The Ijka are genetically distinct from other populations and this 
may be due to their high frequency of haplogroup A which separates them from other 
Chibchan populations. Three Chibchan populations are found outside the main cluster 
and these include the Yanamamo, the Zenu, and the Atacemeño. The linguistic 
affiliation all these populations, as defined by Ruhlen (1991), are debatable. A few 
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linguists place the Yanamamo in the Chibchan linguistic phylum (Ruhlen 1991) while 
others disagree and believe that the Yanamamo language belongs with other 
Amazonian languages (Constenla 1991). Also, the Yanamamo practice a marriage 
custom that may be called linguistic exogamy, meaning that a small number of 
females are acquired as wives through raiding from neighboring linguistically distinct 
tribes (Neel & Chagnon 1968). Due to small population size and population dynamics 
(including differential fertility and mortality) of many Amazonian cultures, this may 
have a profound impact on the number and type of maternal lineages present in the 
group, therefore making them genetically distinct in regards to mtDNA. The Zenu are 
an acculturated group whose language is extinct at this time so their exact linguistic 
affiliation is unknown but some argue that due to geographic location that it should be 
Chibchan while others argue that it is a Carib language (Mesa et al 2000) or Chocoan 
(Constenla 1991). The Atacemeño are from Chile and cluster with other Andean 
groups (Aymara, Quechua, Pueños) indicating that in their case geographic proximity 
is a more plausible explanation than linguistic affiliation. 
Further examination of this relationship shows that this does not extend to the 
mtDNA haplotype level. The MJ network shown in Figure 9 demonstrates that while 
the Chibchan population may cluster together based on mtDNA haplogroup data they 
are genetically distinct at the haplotype level. The Santa Marta Chibchan populations 
do not share any mtDNA haplotypes with other Chibchan or Chocoan population 
from Central America. This indicates that while they may share similar haplogroup 
frequencies they do not share recent genetic admixture at the mtDNA level. So, if 
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they all went through an ancestral Chibchan bottleneck, then significant time depth 
would be required for this population fragmentation to have occurred and that founder 
effect would have to have had an acute effect on their genetic history at the maternal 
level. 
Support for Chibchan population founder effect 
Evidence for this Chibchan population founder effect is seen in this MJ 
network (Figure 9). All Chibchan populations are characterized by a single large node 
that is population specific whereas the Chocoan nodes (EW3, EW7, etc.) are 
characterized by a large number of singletons. The Chibchan nodes include the Kuna 
(KUA1), Huetar (HI), Ngóbé (NG2), and the Santa Marta Chibchan populations 
(SMA3, SMA7). These nodes are all one evolutionary mutational unit away from one 
of the two ancestral Native American haplogroup A nodes (haplogroup A1=KUA2, 
haplogroup A2=NG4). The haplogroup A2 is characterized by the 16111T mutation 
that is specific to New World populations. Four of these nodes are within one 
mutational unit of this, indicating that all of these populations arose in the New World 
within the last 10,000 years. This would appear to indicate that each of these 
Chibchan populations was influenced by founder effect within their own specific 
matrilineages. If this was a random evolutionary event, one would expect to see 
several empty nodes or small nodes between the ancestral populations. If this were a 
genetic bottleneck, then one would expect all of these populations to descend through 
the same mutational pathway. An argument against this second interpretation would 
be that due to the severe depopulation that occurred after European contact that 
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variation within these populations was lost and therefore does not show up in the 
present mtDNA haplotype data set. However, as previously mentioned, all New 
World populations differentially experienced this bottleneck and not all of these 
populations demonstrate this reduced haplotype diversity The evidence for a 
bottleneck is more difficult to refute as the majority of Chibchan nodes radiate out 
from a single interior indicating that all of these populations recently went through 
the same genetic bottleneck. The impact of maternal founder effect is demonstrated 
because none of these populations, with the exception of the Santa Marta groups, 
actually share these large haplotype nodes with other Chibchan populations. Other 
evidence for this is seen in the lowered mtDNA haplotype diversity, measures of 
selective neutrality, and mismatch distribution. 
The three Santa Marta Chibchan populations also demonstrate reduced levels 
of mtDNA haplotype and nucleotide diversity relative to the Wayuú. The Ijka have 
the lowest mtDNA haplotype diversity (0.462) of any of the populations from lower 
Central American or South American populations shown in Table 10. The mtDNA 
diversity levels of the Arsario are also lower than other populations but are consistent 
with levels from other Chibchan populations from lower Central America. Some 
researchers have suggested that the reduced amount of mtDNA diversity seen in 
Chibchan populations is evidence of a population bottleneck at the onset of Chibchan 
genetic history (Kolman & Bermingham 1997, Batista et al 1995, Kolman et al 
1995). The average mtDNA haplotype diversity for all six Chibchan populations 
(Arsario, Ijka, SM Comb., Ngóbé, Kuna, Huetar) shown in Table 10 is 0.6814 
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whereas the average for the six South American (Wayuú, Mapuche, Xavante, Zoro, 
Gaviao, Yanamamo) populations is 0.813 and the average for the two Chocoan 
Central American populations is 0.9268. The only population to show similarly low 
mtDNA haplotype diversity levels is the Xavante, and the data used for this 
population are known to have come from one village in Brazil (Ward et al 1996). An 
argument for a selective mechanism working on the Chibchan populations can be 
ruled out because selection would probably act on a particular mitochondrial protein 
within the coding region of mtDNA and not in the hypervariable control region. Also, 
the fact that the Chibchan populations inhabit similar geographic areas as the 
Chocoan speakers indicating that if selective pressure were acting on the Chibchan 
populations it should also be reflected in Chocoan mtDNA diversity and this is clearly 
not the case. This indicates that these low mtDNA haplotype diversity levels in the 
Santa Marta populations support the idea that all Chibchan populations went through 
the same genetic bottleneck and only a fraction of the original Amerind mtDNA 
variation present in the initial migration was maintained in these groups. 
Further evidence for a population bottleneck occurring in Chibchan 
populations comes from the two measures of selective neutrality (Tajima's D and Fu's 
Fs) shown in Table 10. Populations that have expanded will have large negative 
values. In the case of the Chibchan speaking and South American populations all of 
the values are either positive or low negative numbers and not statistically significant, 
indicating populations that are either undergoing drift or recently passed through a 
bottleneck. Only one of these values, belonging to the Yanamamo, is negative and 
94 
statistically significant and this again may be associated with the aforementioned 
practice of linguistic exogamy. This differs dramatically from Tajima's D and Fu's Fs 
values for Siberian and Native North American populations where only one Amerind 
population (Bella Coola) had a positive Fu's Fs value and only one Na-Dene group 
(Haida) had a statistically non-significant value (Zlojutro et al in press). This 
supports both the idea of genetic drift as the primary evolutionary force acting on 
South American populations (O'Rourke et al 1992) and the idea that Chibchan 
populations have undergone a genetic bottleneck within the last 10,000 years 
(Kolman & Bermingham 1997, Barrantes et al 1990). Some researches have argued 
that statistical measures such as Tajima's D may not be sufficiently robust enough to 
detect evolutionary events that have occurred within the last 10,000 years because 
they are based on rare variation and number of segregating sites and do not account 
for mutation rate heterogeneity (Aris-Brosou & Excoffier 1996). However, the less 
conservative Fu's Fs statistic presented here does take into account mutation rate 
heterogeneity and gives similar results, suggesting that more than likely a population 
bottleneck did occur in Chibchan populations. Granted, even Fu's Fs may not be 
sensitive enough to detect recent population expansions or genetic bottlenecks, such 
as those that have certainly occurred in New World populations over the last 500 
years. 
Estimated timeframe for Chibchan genetic history 
The use of pairwise genetic differences offers a means of approximating the 
date of Chibchan expansion after the proposed bottleneck. Mismatch distributions 
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(Figure 10) of the Arsario, Wayuú and Santa Marta Chibchan combined populations 
all shared a major peak between six and nine units indicating an ancient expansion 
between 55,000-90,000 YBP, corresponding to the first major expansion of human 
populations out of Africa (Harpending et al 1993). This date is consistent with 
several other South American populations (Table 13) indicating a shared common 
maternal ancestor in the distant past. The Ijka were the only population that did not 
share this peak and show a jagged peak between zero and four units, suggesting that 
this population may have developed its distinct genetic characteristic in the New 
World. A major drawback to time estimates using mismatch distributions is that they 
do not take into account the order in which mutations may have occurred. If a wide 
range of populations share a mutation then it can be assumed that this mutation 
occurred prior to a mutation that is shared by only a single or small number of 
populations. This problem is solved using the method proposed by Sailard et al 
(2000) that allows for ancestral and descendent nodes to be chosen from the network 
in order to estimate time depth using mtDNA coalescent data. 
The three Santa Marta Chibchan populations also share a peak (above 0.2 on 
the Y-axis) between zero and one mutational unit (Figure 10). This peak is shared 
with several other Chibchan populations from lower Central America including the 
Kuna, Ngóbé, and Huetar (data not shown) (Batista et al 1995). Previously, some 
researchers have argued that this major peak was indicative of a shared population 
bottleneck and used it to estimate that Chibchan genetic history began within the last 
10,000 years (Kolman & Bermingham 1997, Batista et al 1995, Kolman etal 1995). 
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Others have suggested that bimodal or multimodal peaks in pairwise differences for 
mtDNA may be caused by differential haplogroup frequencies (Zlojutro et al. in 
press). As all of these Chibchan populations are primarily characterized by the 
presence of two of the five founding haplogroups, caution should be practiced in 
interpreting the results. Another concern is that there is no w a y of actually knowing 
what, if any, evolutionary force is causing this peak and so assuming that i t is caused 
by a bottleneck and subsequent population expansion may b e overreaching. Kolman 
& Bermingham (1997) did separate out the Ngobé and K u n a by hap logroup A and 
reported an estimated date for these two populations of 10,900 YBP. T h i s date is 
consistent with the time estimates given for the haplotype nodes SMA7 ( 6 , 9 8 5 YBP) 
and SMA3 (8,072 YBP) given in Table 13 using the p-statistic of Sailard et al. (2000). 
These dates are all consistent with other temporal estimates of Ch ibchan genetic 
history from classic genetic markers (Barrantes et al 1990), and m t D N A (Kolman & 
Bermingham 1997) evidence that place the genetic origins of these populations 
between 7,000-10,000 YBP. 
The inclusion of the Santa Marta Chibchan populations with the l o w e r Central 
American groups indicates that the genetic origins for groups be long ing to this 
language family probably occurred early during the peopling of the N e w World. This 
is further confirmed through genetic evidence that suggests populations in these two 
geographic areas are related but that this relationship was fomented in the distant past. 
There are also several lines of evidence pointing to a genet ic bottleneck occurring in 
these populations. The fact that all Chibchan-speaking populat ions demonst ra te low 
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mtDNA haplotype frequency, are characterized by rare unshared mtDNA haplotypes 
and all have low negative or positive Fu's Fs and Tajima's D values, and all share a 
mutational peak between zero and one mutational unit suggests that all of these 
populations experienced the same genetic event. This coupled with the knowledge 
that neighboring Chocoan populations who would have been subjected to the same 
ecological pressures as the Chibchan speakers do not share any one of these 
characteristics gives further support to this argument. This evidence also has notable 
connotations for both the peopling of the Santa Martas and for the origin of New 
World populations. 
Peopling of the Santa Martas 
Of the four proposed models for the initial peopling of the Santa 
Martas and the rise of stratified cultural complexity in the region, the mtDNA 
evidence appears to support an in situ development for the Santa Marta population as 
proposed by Bray (1984) and Langeback (2003). The mtDNA evidence presented 
here suggests that people were in the area long before the development of social 
complexity in the Santa Marta area. The presence of long term biological continuity 
in the matrilineages dating back to the Paleoindian time period also suggests that 
these populations have inhabited the Santa Marta region for a significant amount of 
time and that they developed their biological distinctiveness in situ. Based on the 
mtDNA coalescent dates ranging from 7,000 - 8,000 YBP and that the Santa Marta 
populations do not share any mtDNA haplotypes with any of the other South 
American or Central American groups suggests a long independent maternal 
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biological history for these groups. The absence of shared haplotypes suggests that 
the female Chibchan populations were not a genetic pathway for populations moving 
north out of South America, however a biological influence from Mesoamerica or the 
Caribbean can not be ruled out as there is a dearth of mtDNA data from these regions, 
especially those areas that may have been in contact with Chibchan speaking 
populations from the Santa Martas. The proposed timing of this event also seems to 
refute the idea that Paleoindian populations already in place in the Santa Marta area 
were subsumed by Chibchan populations moving out of the Panamanian isthmus due 
to ecological pressures or carrying newly acquired technologies as based on the dates 
given here due to the lack of a clear mtDNA relationship between the two cultures. 
The mtDNA coalescent dates presented here suggest that these populations 
have been in the area since the late Pleistocene-Early Holocene. There are no known 
stratified Paleoindian archaeological sites in the Santa Marta but there are a dozen 
sites in lower Central America suggesting continuous occupation by humans over the 
last 10,000 years. Pearson (2002) argues that northern South America is both 
genetically and technologically heterogeneous compared to areas immediately north 
and south. During the Paleoindian period this region is characterized by the 
widespread use of fluting techniques on a variety of different point types and suggests 
that South America was probably already inhabited prior to the southward expansion 
of Clovis-like cultures moving into the region. Due to the natural constrictive barrier 
that lower Central America presents it is possible that first human who colonized 
Colombia may have buffered subsequent gene flow into the continent and suggests 
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that the isthmus may have not been an active corridor for human interaction. The 
extension of Chibchan genetic research to the Santa Marta of the South American 
continent would suggest that this extended along the northern Caribbean coast line. 
Glottochronological evidence for the origin of Chibchan language suggests 
that the language arose due to increased sedentism as a result of the introduction of 
agriculture into the region between 6000 -4,000 YBP (Constenla 1991). mtDNA 
coalescent dates (with standard error) presented here overlap within this range but 
point to an earlier settlement of the region and imply that the earliest inhabits of the 
region were not migrating Chibchan-speaking populations and these groups may have 
adopted the language at a later date. However, the presence of long term biological 
continuity in the region suggests that these populations were not mobile and this may 
have facilitated the adoption of the Chibchan language. This indicates a need to 
understand why these populations are becoming more sedentary during the late 
Pleistocene - Early Holocene. 
In order for this long term maternal biological continuity to be present in these 
populations for an extended period of time, two traits are necessary. The first trait is a 
matrilocal residence pattern, thus indicating a reduced migration rate for females 
between communities. The second trait is that these populations had to be relatively 
sedentary. This can be explained by the exploitation of marine or riverine resources, 
such as shellfish. There is archaeological evidence that populations were exploiting 
the resource within the Santa Marta region (Oyuela-Caycedo 1996). This increased 
sedentism would had led to an increase in population size and subsequently 
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necessitated the need for other resources that would had allowed for the adoption of 
agriculture. Granted, this hypothesis needs further development and evidence from 
both archaeology and ecology to either support or reject it. 
Origin of New World populations 
Understanding the microevolutionary role of Chibchan populations in the 
Americas has important implications for understanding the peopling of the Americas 
as well as the peopling of South America. The fact that you have endogenous 
linguistic development over a wide geographic area beginning around 10,000 YBP 
would indicate that humans would have to have existed in the area for a long time. 
This gives credence to an "early" migration (-20,000-15,000 YBP) of humans into 
the New World which is also supported by archaeological evidence from South 
American Paleoindian sites, such as Monte Verde in Chile, which has confirmed 
radiocarbon dates of approximately 14,000 YBP (Dillehay 2000). This evidence, 
coupled with the geographic barrier presented by the Andean cordillera in Colombia 
and the natural constriction effect of the narrow Panamanian isthmus, may have made 
resulted in these Chibchan-speaking populations blocking or slowing gene flow into 
South America as well as forcing gene flow north along the Andes. There is now 
significant evidence from a variety of scientific disciplines that support this theory 
including archaeology, (Pearson 2002) biology (Kolman & Bermingham 1997, 
Kolman et al 1995, Batista 1995, Barrantes et al 1990) and linguistics (Constenla 
1991, 1981). This may have "corked the bottle" of South America making it plausible 
that genetic drift became the primary evolutionary force operating on the small 
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populations who had already entered the continent and may have contributed to the 
larger amount of genetic and spatial differentiation that is seen today in South 
American populations as opposed to North America groups (O'Rourke et al 1992, 
Schanfield 1992). However, this "cork in a bottle" model that is being presented 
needs to be extended to other populations that may have had an impact on these 
Chibchan cultures. These include populations from other areas of Central America 
especially the countries of Nicaragua and Honduras that form the northern boundaries 
of the Chibchan linguistic frontier, populations from the Caribbean, populations from 
Mesoamerica, as well as native groups from North America. If it can be demonstrated 
clearly that there is no relationship between the north and the eastern frontiers then 
there would be little doubt that these populations formed a significant homogenous 
cultural area that impeded gene flow between the two continents. 
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Chapter VI: Conclusion 
Over the last decade increased scientific inquiry has focused on Chibchan-
speaking populations from lower Central and northern South America because of 
their geographic location bridging the two American continents. This research has 
rejected the traditional notion of the region as a heavily trodden pathway for 
migrating populations and has suggested long term occupancy and biological 
continuity dating back 10,000 years. While archaeological and linguistic research has 
found a relationship between the Central and northern South American Chibchan 
populations the biological relationship of these groups remains largely unresolved. 
This thesis characterized mtDNA haplogroup and haplotype diversity in 190 
individuals from three Chibchan speaking (Kogi, Ijka, and Arsario) populations from 
the Santa Marta mountain region and a neighboring Arawak speaking (Wayuú) 
population from the Guajiro peninsula of northeastern Colombia. This thesis: (1) 
determines the relationship of the four study populations to each other; (2) determines 
the relationship of Chibchan-speaking populations to linguistically related 
populations from lower Central America; (3) compares this Chibchan-speaker 
relationship with archaeological, linguistic, and other biological evidence; (4) 
evaluates proposed models for the initial peopling of the Santa Martas; and (5) 
considers the role of Chibchan-speaking populations the initial peopling of the 
Americas. 
This study demonstrated that the three Chibchan populations from the Santa 
Marta mountain range in northeast Colombia are not related to the neighboring 
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Wayuú but are related to each. This result may indicate that all of these populations 
are descendents of the ancient Tairona who constituted a l a rge population that was 
destroyed by the Spanish in the early 17 t h century. The R F L P results of this study 
show that the Santa Marta Chibchan populations demonstrate a distant relationship 
with Chibchan-speaking populations from lower Central America. These populations 
also share low mtDNA haplotype diversity, low negative o r positive Tajima's D or 
Fu's Fs values, a peak between zero and one mutational uni t in pairwise difference 
analysis, and coalescent dates between 7,000-11,000 YBP. These dates are supported 
by archaeological and linguistic evidence that further corroborates this relationship. 
Due to the time depth, it is suggested that the Santa Marta Chibchan cultures probably 
developed in the region and then became stratified and culturally complex as time 
progressed. 
This thesis offers further support for a Chibchan "population plug" that may 
have impeded or blocked gene flow moving through the Panamanian isthmus. The 
original reason for this "population plug" may have been d u e to the geographic 
barrier caused by the Andes transecting the northern por t ion of the continent and as 
the population numbers expanded backed up into the natural ly constrictive isthmus, 
allowing for the development of an endogenous language i n the Americas that has 
important implications for the peopling process. This "cork in a bottle" blocked the 
movement of genes between the two continents early on a n d possibly allowed for 
genetic drift to become the primary evolutionary force work ing on the South 
American continent. However, further evidence is needed from both the northern 
104 
boundaries of the Chibchan linguistic frontier, the Car ibbean , Mesoamerica, 
ancient DNA samples to either support or refute this hypothesis . 
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